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in separate lists and not put on the back of the originals. Each figure should be referred 
to in the text. 

References to medical literature should be recorded in the text with the name of the 
author and the year of publication in brackets. At the end of the article the list of 
references should be arranged alphabetically, each item including name of author, year 
of publication, title of article, Journal, number of volume, and page reference, thus: 
GatuiE, W. E. (1948): Recurrent Dislocation of the Shoulder. Journal of Bone and 
Joint Surgery, 30-B, 6. 
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is not used. Every bibliography and list of references will be checked by the Editor, 
but much delay will be avoided if authors would be good enough to pay careful 
attention to accuracy. 
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The Journal of 
Bone and Joint Surgery 


EDITORIAL 


TUBERCULOSIS OF THE HIP JOINT 


Most orthopaedic surgeons are craftsmen at heart and find satisfaction in the successful 
arthrodesis of a diseased joint. Tuberculosis of the hip joint has long been considered 
the condition above all others in which arthrodesis is desirable. After conservative treatment 
alone, bony ankylosis is rare, and most patients are left with unsound fibrous ankylosis. 
The patient with a weak, painful, flexed and adducted hip has considerable disability; 
furthermore, reactivation of the disease is quite likely to occur. In contrast, the patient with 
sound bony ankylosis of one hip suffers very little disability if his knee joint and lumbar spine 
are mobile and there is no undue shortening of the leg. 

In this issue of the Journal, Dobson’s paper on tuberculosis of the hip will excite 
immediate interest. His main conclusions are in accordance with generally accepted practice 
in Great Britain. Tuberculosis is a systemic disease; the patient must first overcome the 
infection by the aid of constitutional measures and local splinting; then the unsound ankylosis 
must be converted into a sound ankylosis, and usually this means bone fusion by a surgical 
operation. Although Dobson states that free movement was restored in seven cases, in one 
of these reactivation occurred and in the others diagnosis was unproven. In the past, restoration 
of free movement must have been very rare except in those few cases in which infection 
remained extra-articular. ‘ 

There are a number of minor points which always provoke keen argument and on which 
opinions legitimately differ. The surgeons at Wrightington appear to have been more 
successful with ilio-femoral arthrodesis than is usual elsewhere; many of us find it easier to 
obtain sound ankylosis by using the compression principle embodied in ischio-femoral fusion. 
Again some of us feel happier using the open posterior technique as advocated by Foley* 
rather than the original technique described by Brittain. Even an ischio-femoral graft may 
fail if the hip joint is flail and mobile. Under such circumstances it is advisable to use a 
two-stage procedure, first performing intra-articular fusion and packing the joint with bone 
chips, and then inserting an ischio-femoral graft. The main value of simple displacement 
osteotomy is surely in small children, where it is more likely to induce bone ankylosis than in 
adults. Even if bony ankylosis does not occur, the hip usually remains sufficiently stable and 
in good position until the patient is old enough for formal arthrodesis. The arguments for 
using the simpler procedure in children are strong, since in children deformity may recur 
even after successful ischio-femoral arthrodesis with bone fusion. 

These, however, are relatively minor points and they do not detract in the slightest degree 
from Dobson’s main conclusions. But the craftsman’s delight in a successful arthrodesis should 
not blind him to the gloomy side of the picture. Using the best traditional methods the average 
duration of treatment was thirty months; 23 per cent of the children suffered from premature 
epiphysial fusion at the knee; the average real shortening was three and a half inches, the 
greatest seven and a half inches. In both Dobson's and Wilkinson’s* series, one-third of the new 
* Fotey, W. B. (1949): Journal of Bone and Joint Surgery, 31—B, 222. 


+ Witkinson, M. C. (1947): Intertrochanteric osteotomy for the treatment of tuberculosis of the hip. 
Proceedings of the Royal College of Medicine (Section of Orthopaedics), 40, 238. 
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patients were under six, and a half under eleven years old. What surgeon does not experience 
an inner conflict every time he sees a child with early tuberculosis of the hip? He tries to 
reassure the parents, and simultaneously he visualises the raised boot and lax knee. His 
conscience is quietened by the knowledge that the kindness of the nursing staff will mitigate 
the hardships of many months of frame-fixation. No wonder a specific drug for tuberculosis 
has long been sought! 

Those of us who have the privilege of working at country hospitals will remember the 
excitement, tinged with scepticism, with which we greeted the first reports of streptomycin. 
Two things soon became apparent: first, that its use made surgical operations on 
tuberculous tissues safer; and second, that many early acute tuberculous lesions could 
apparently be brought under rapid control. Almost simultaneously we heard of para-amino- 
salicylic acid and then later of thiosemicarbazone. 

We have hardly begun to learn the use of these new drugs. There is evidence that a 
combination of streptomycin and para-amino-salicylic acid is more effective than either alone, 
but we do not yet know whether to use them continuously, intermittently or alternately. 
Streptomycin resistance is still a major problem; and a second course of treatment is usually 
less effective than the first. If we see a really early acute lesion, it seems wise to try an 
immediate knock-out blow, and already there are a number of cases in which the infection 
appears to have been overcome and free movement restored to the affected joint—but we 
do not know whether these joints are permanently safe or whether they may relapse later. 
In older lesions with caseation and tissue destruction it seems probable that low concentrations 
of the drug will encourage the development of streptomycin-resistant strains. Under these 
circumstances “‘ surgery of access’’ may be a valuable adjunct—such operations as local 
resection, synovectomy and drainage as advocated by Robertson-Lavalle may have their use. 
Finally, in late cases, or after reactivation, streptomycin is an invaluable safeguard when 
definitive surgery such as arthrodesis is undertaken. 

Early diagnosis has now become an urgent necessity. We can no longer wait and see. 
By the time that unequivocal radiological evidence is apparent the most favourable chance 
of cure may well have been lost. Joint aspiration, biopsy of synovial membrane and of 
regional lymph glands, have their place; but all have their limitations and there is still much 
to learn of their reliability. 

It is inevitable when so much is uncertain that there will be different schemes of treatment. 
Chemotherapy has its dangers. There are the well recognised toxic reactions; there is some 
evidence not only that mycobacterium tuberculosis may become streptomycin-resistant but 
that it may become streptomycin-dependent; under certain circumstances it may possibly 
be stimulated by penicillin. The lesson clearly is that these drugs must be used with 
discrimination. So long as there are so many variables and unknowns, exact statistical 
analysis is difficult. 

The orthopaedic surgeon has two clear duties: he must give what he believes to be the 
best treatment for each individual patient; and at the same time he must scrutinise and 
analyse results with cold impartiality, being willing to alter preconceived plans and theories, 
remaining open-minded and impartial, being constantly alert to the emergence of significant 
new factors, and aiming at the reduction of important variables to such numbers as are 
capable of statistical analysis. 

With the development of new antibiotics many of Dobson’s observations and comments 
may become of no more than historical interest. This will hardly detract from the value of 
his paper, which is a model and example to all orthopaedic surgeons. By similar careful 
observation, comprehensive follow-up, and detailed analysis, we can hope eventually to 
discover the wisest combination of surgical and conservative treatment. ROBERT Roar. 
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PROGNOSIS IN TUBERCULOSIS OF THE HIP 


An Analysis of the Results of Treatment and of the 
Factors which Influence the End-result* 


J. Dopson, LANCASHIRE, ENGLAND 
From the Wrightington Hospital, Appley Bridge, near Wigan 


Tuberculosis of the hip, in common with that of other bones and joints, is a disease easy 
to alleviate, but difficult to cure. The achievement of a cure, however, is profoundly influenced 
by a variety of factors apart from the method of treatment. 

It should be remembered that tuberculosis in a bone or joint is but a sign of a generalised 
disease and proof of a focus elsewhere in the body which is active enough to give rise to a 
bacillaemia. This focus may be difficult to detect and still more difficult to heal; but unless 
healed, relapses will occur, resulting in either a breakdown of the original lesion or the 
development of a new focus in some other part of the body. 

It is generally agreed that in a chronic systemic disease like tuberculosis the only adequate 
treatment known at the present time is rest—rest to promote healing of the primary focus, 
and rest, ‘‘ complete, uninterrupted and prolonged,” to heal the local manifestation in the 
bone or joint. This conservative régime, with operative intervention playing a comparatively 
minor role, has been the principal method of treatment of bone and joint tuberculosis in this 
country over a long number of years following upon the teachings of Thomas, Jones and others. 

What results may be expected from this conservative treatment of tuberculosis of the 
hip ? This can only be determined by the careful examination of results over a long period 
of time, for, as we all know, without a thorough system of follow-up a “‘ cure ”’ in one hospital 
register is often an active case in another hospital. The analysis that follows is an attempt 
to assess the present condition of all cases of tuberculosis of the hip treated iri Wrightington 
Hospital during the last sixteen years and to determine the factors which influence the 
prognosis. It will be interesting to compare them with the results of the next ten years; 
for as a result of experience gained from this investigation surgery is now being employed to 
a much greater extent. 

CLINICAL MATERIAL 

Between 1932 and 1948, 320 patients with tuberculosis of the hip joint were admitted to 
the Wrightington Hospital for treatment. Of these, 200 were males and 120 were females. The 
right hip alone was involved in 171 cases, the left in 145; four patients had bilateral disease. 

At the time of admission to hospital the youngest patient was aged one year and four 
months, the oldest sixty-nine years. Table I shows the number of cases in each age group, 
and it will be seen that the majority fell into the group between one and twenty years of age. 
Type of organism—The diagnosis has been proved bacteriologically whenever possible, but 
the history and the clinical and radiological examinations had to be relied upon in most cases. 
A total of 102 cultures was made, and of these sixty-eight (67 per cent) were positive and 
thirty-four (33 per cent) negative. All the positive cultures were of the human type and in 
no case in which the diagnosis was proved by bacteriological examination was the bovine 
type of bacillus found to be responsible for the infection. A point of importance in this 
connection was that 22 per cent of all the cases had a positive family history of pulmonary 
tuberculosis. That the disease is insidious in onset is shown by the fact that symptoms had 
* Based on a paper read before the Orthopaedic Section at the Annual Meeting of the British Medical 
Association, Liverpool, July 1950. 
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been present for an average period of ten months before a diagnosis of tuberculosis was made. 
Injury as a factor in the causation of the disease does not appear to be of any great significance, 
a reliable history of injury being obtained in only 14 per cent. 


TABLE I 


CLASSIFICATION ACCORDING TO AGE GROUPS 


Age group Number of a 
(years) cases 


0-5 83 
6-10 
11-15 
16-20 
21-30 
31-40 
41-50 
51-60 


604 


Type of lesion—Osseous destruction was present on radiological examination in the vast 
majority of the cases, and in only nine (2-8 per cent) was the disease confined throughout to 


the synovial membrane, all these patients being between one and ten years of age. 

Of those showing osseous changes, the lesion was intra-articular in 297 (92-8 per cent) 
and extra-articular in fourteen (4-4 per cent). Table II shows the site of the primary bone 
focus as determined from the radiographs. It has been commonly accepted (Mercer 1945) 
that the primary bone focus is seen most frequently on the inferior aspect of the cervical side 
of the epiphysis, but in this series the acetabulum alone was involved in eighty-six (39-3 per 
cent), acetabulum and femoral head in seventy-six (34-1 per cent), the head of the femur 


TABLE II 


SITE OF PRIMARY BoNE Focus 


Number of 
cases 


Site of primary bone focus Per cent 


Acetabulum 86 39-3 
Acetabulum and femoral head 


Head of femur alone 


Neck of femur alone 


Indeterminate 


alone in forty-two (192 per cent) and the neck of the femur alone in only fifteen (7-4 per 
cent) (Figs. 1 to 3). In 101 cases, however, it was impossible to determine the site of the 
initial bone lesion because widespread destruction of the joint had occurred. 
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Fic. 1 
Tuberculosis of the left hip in a man aged 
twenty-four years. The film shows areas of 
destruction in the outer half of the acetabulum 
and adjacent surface of the femoral head. 


Fic. 2 Fic. 3 

Localised focus in the femoral head in Lesion in the upper part ot the femoral 
a boy aged three years. The lesion neck in a girl aged six years. Healing 
extra-articular and healed. with full range of movement in the 
Full joint movement was restored. joint occurred. 
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COMPLICATIONS 


It will be shown later that the occurrence of complications has a marked adverse influence 
upon the prognosis. Two complications are of outstanding importance—namely, other foci 
of tuberculosis in the body, and abscesses and secondarily infected sinuses. 

Multiple lesions of tuberculosis—In this series, sixty-seven patients (21 per cent) had 
other active foci of tuberculosis in the body. Of these, eighteen had active pulmonary disease, 
twenty-two had other skeletal lesions, ten had active renal tuberculosis, and seventeen had 
widespread generalised disease. Multiple lesions were commonest in the higher age groups, 
and 43-6 per cent of all patients over the age of twenty had other active foci. 
Abscesses and secondarily infected sinuses—An uncontaminated tuberculous abscess 
need not be a source of anxiety so long as the bone lesion is under adequate treatment by 
immobilisation, because abscesses will subside with the 
healing of the bone lesion. Unfortunately, however, many 
cases are admitted with abscesses which have already 
broken down and sinuses heavily infected with secondary 
organisms. These were present in 125 (39 per cent) of 
the cases in this series. They tended to be more common 
in the older patients but there was no marked difference 
in their incidence in the various age groups. The type 
of lesion, however, does appear to be of considerable 
importance, for of those with intra-articular lesions, 123 
(41-4 per cent) had abscesses or sinuses, but they were 
present in only two (14-3 per cent) of those with an 
extra-articular focus. No patient whose infection was 
confined to the synovial membrane developed an abscess 
or sinus. 
Premature epiphysial fusion—Another complication, 
the significance and importance of which has only recently 
been stressed (Gill 1944, Parke et al. 1949), is premature 
epiphysial fusion round the knee on the affected side 
(Fig. 4). This can occur only in the younger age groups, 
wm. 4 but when present has a profound influence upon the 
Premature fusion of the lower femoral ‘ 2 F : 
epiphysis in a boy aged seven years functional result. It is due to rupture of the epiphysial 
with tuberculosis of the lefthip. The —_ cartilaginous plates consequent upon the absorption of 
patient had been immobilised for four : . 
years and had 2} inches shortening. | Cancellous support and suppression of osteogenesis. The 
factors that appear to be responsible for the condition 
are local toxaemia and prolonged immobilisation. In this series no patient whose disease 
was complicated by premature epiphysial fusion had been immobilised for less than twelve 
months. Either the lower femoral or upper tibial epiphysis may be involved alone, but 
often both were affected. The exact frequency of this complication has been difficult to 
assess, but it was present in not less than 23 per cent of all patients under the age of 
fifteen. The consequent real shortening varied between | inch and 7} inches, with an 
average of 34 inches. 


TREATMENT 
Immobilisation of the patient and of the affected joint for a length of time sufficient to 
bring about apparent arrest of the disease as judged by radiographic and clinical evidence 
has been the standard method of treatment, but the termination of the conservative régime 
by a fusion operation upon the hip has not been done as a routine. 
In 221 patients treatment was by immobilisation alone, the average length of treatment 
being thirty months. In ninety-nine patients, immobilisation was followed by some form of 
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operative intervention; in sixty-seven, extra-articular ilio-femoral arthrodesis was performed ; 
thirty-one had a displacement osteotomy; and in one, disarticulation through the hip was 
undertaken. 


TABLE III 


CONDITION ON DISCHARGE IN RELATION TO AGE GROUPS 


Condition on discharge 
Age group 


(vears) 
’ Quiescent Improved No improvement Died 
0-5 73 (88-0°,) 2 (2-4%) 8 (9-6°,) 

65 (94-2°%,) 1 (1-3%) 3 (45%) 


38 (90-4) 2 (48%) 2 (48%) 


30 (76-9°,) 


28 (66-7°,) (7-1%) 


10 2 (10-5°,) 


6 (46-2°,) 1 (7-7%) 1 (7-:7°,) 5 (42-06%) 


(40-0°,) 


4 (40-0°%,) 2 (20-0%) 


(100%) 


RESULTS AT THE TIME OF DISCHARGE FROM HOSPITAL 


Of this series of 320 cases, 254 (79-4 per cent) were discharged from hospital as quiescent, 
thirteen (4-1 per cent) were improved, three (0-9 per cent) showed no improvement, and fifty 
died while under treatment, giving a mortality rate of 15-6 per cent. Table III gives the 
results on discharge in relation to the various age groups and shows convincingly the influence 
of age upon the prognosis. 

One purpose of this paper is to demonstrate the marked adverse influence upon the 
prognosis of other foci of active tuberculosis in the same patient. That this fact should be 
emphasized must be admitted when it is recalled that some surgeons still fail to recognise 
the systemic nature of the disease. There still exists the temptation to treat a tuberculous 


TABLE IV 


CONDITION ON DISCHARGE IN RELATION TO 
OTHER TUBERCULOUS LESIONS 


With other Without other 


Condition on 


tuberculous tuberculous 
B lesions lesions 
Quiescent . ‘ 40 (58-0°,) 214 (85-3°,) 


3 (4-3%) 10 (4-0%) 


Improved . 


No improvement — 3 (1-2%) 


Died 24 (9-5%) 


26 (37:7%) 


joint as a localised arthritis, and to overlook the fact that the skeletal lesion is an indication 
of invasion of the systemic blood-stream by tubercle bacilli. Table IV shows the results on 
discharge in relation to other tuberculous lesions in the same patient. They emphasize the 
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importance of making a thorough search for these lesions and of treating them by every 
means at our disposal. Of those with multiple lesions, forty (58 per cent) were discharged 
as quiescent, and twenty-six (37-7 per cent) died. Of those uncomplicated, 214 (85-3 per cent) 
were quiescent, and only twenty-four (9-5 per cent) died. 


TABLE V 


CONDITION ON DISCHARGE IN RELATION TO 
ABSCESSES AND SINUSES 


Condition on With abscesses Withoutabscesses 
Discharge and sinuses and sinuses 


Quiescent . 


“174 (89-2%) 


Improved . 11 (8-8°%) 2 (10%) 


No improvement 3 (2-4%) 


Died 31 (24-8%) 19 (9-8°%) 


The influence of abscesses and chronic secondarily infected sinuses upon the results is 
shown in Table V. When these complications were present, eighty (64 per cent) became 
quiescent, and thirty-one (24°8 per cent) died; whereas in the uncomplicated group 174 
(89-2 per cent) were quiescent, and nineteen (9-3 per cent) died. With the use of penicillin and 
streptomycin a marked improvement in the prognosis in this type of case can be anticipated. 

Table VI gives an analysis of the cause of death in the fifty patients who succumbed to 

; the disease while under treatment. Of those who died from tuberculous meningitis, ten were 

under ten years of age, and this complication accounted for 71*4 per cent of all deaths in 

children. It is to be hoped that with the use of streptomycin the seriousness of this 
complication may be greatly diminished. 

Condition of the hip at the time of discharge—The objects of our treatment of a 

tuberculous joint are to produce a permanently safe and useful limb, and these objectives 

are achieved only when our treatment results in either free movement or firm ankylosis. 

Free movement is seldom retained even in children, and never in adults: it can only occur 


TABLE VI 


ANALYSIS OF THE CAUSES OF DEATH 


Number of | 
cases 


Cause of death Per cent 


Tuberculous meningitis . 


13 


Generalised tuberculosis . 


Amyloid disease 22 


Toxaemia. Acute hip lesion 


Pulmonary tuberculosis . 


Renal tuberculosis . 


Totals 


when the infection has been confined to the synovial membrane or has remained extra-articular. 
In the absence of secondary infection or surgical intervention, healing results in a fibrous 
ankylosis which in the past has been assumed to be sufficiently strong to withstand the 
stresses and strains of everyday life (Fig. 5). 
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Fic. 5 


Tuberculosis of the right hip in a woman aged 
thirty-five years. Sound fibrous ankylosis five years 
after discharge. 


Fic. 6 Fic. 7 
Extra-articular ilio-femoral arthrodesis in a Brittain’s ischio-femoral arthrodesis in a boy 
man aged nineteen years. Note solid graft and of twelve years with tuberculosis of the right 
evidence of intra-articular osseous fusion five hip. Film taken three months after operation. i; 
years after operation. 
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In assessing the condition of the joint on discharge, the cases have been divided into 
two groups according to the type of treatment. In Group I, consisting of 173 cases, treatment 
throughout was by a conservative, non-operative régime of recumbency, traction and fixation. 
In Group II, comprising ninety-seven cases, treatment was by a preliminary period of 


TABLE VII 


CONDITION OF THE JOINT IN RELATION TO TyPE OF TREATMENT 


Conservative | Extra-articular 
Condition of the hip treatment ilio-femoral Osteotomy 
only arthrodesis 


Full movement 


7 (4:0°%) 


Useful movement . 26 (15-0°,) 3 (4°5°,) 


Bony ankylosis 59 (89-4°,) 11 (35-4%) 


7 (40°) 


Sound fibrous ankylosis 54 (31-2%) 4 (6-1%) 20 (64-6°,) 


Unstable fibrous ankylosis 79 (45-8°,) 


immobilisation followed either by an extra-articular ilio-femoral arthrodesis, or by a 
displacement ostectomy (Wilkinson 1949). Table VII sets out the results in detail. 

It has been my experience (Dobson 1948) that whereas an extra-articular ilio-femoral 
arthrodesis after the age of twelve results in bony ankylosis in a high percentage of cases 
(Fig. 6), below that age it is a failure, and although the present series does not contain any 
cases of ischio-femoral arthrodesis, | am now convinced, in the light of further experience, 
that this procedure is the operation of choice in the younger age groups (Fig. 7). Only in 
a few cases has osteotomy alone produced bony ankylosis. 

Of the 254 patients who were discharged from hospital with the disease quiescent, 
ninety-three (36-6 per cent) returned for further treatment. Sixty-six (71 per cent) were 
readmitted having developed a deformity but with the disease inactive, nineteen (20-4 per 
cent) had reactivation of the disease (Figs. 8 and 9), four (4-3 per cent) had chronic grumbling 
disease, and four (4°3 per cent) had developed other foci elsewhere in the body. Table VIII 
sets out in detail the reasons for further treatment in relation to the condition of the joint 


TABLE VIII 


REASONS FOR FURTHER TREATMENT IN RELATION TO THE CONDITION OF THE 
Joint on DiscHARGE 


Condition of | 


Reasons for further treatment 


the joint Chronic 
/ | grumbling | Reactivation Deformity Developed 
: | disease other foci 


Full movement 


Useful movement 


Bony ankylosis 


Sound fibrous ankylosis . 3 3 26 1 


Unstable fibrous ankylosis | 1 14 39 2 


on discharge in those who were readmitted to hospital, but a number who developed a 
deformity refused further treatment and have not been included in the table. Of 
those discharged with a sound fibrous ankylosis, 38-3 per cent later developed a deformity 
(Fig. 10) and of those with an unstable fibrous ankylosis deformity developed in 60-5 per cent. 
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Fic. 8 Fic. 9 


Figure 8—Tuberculosis of the right hip in a boy aged twelve years. Focus in the femoral neck. Discharged 
as quiescent after three years’ treatment. Figure 9—Reactivation after a fall four years later. 


Fic. 10 
Tuberculosis of the right hip in a boy aged fifteen 
years. Discharged with “ sound ”’ fibrous ankylosis. 
Developed flexion-adduction deformity ten years 
later. Disease healed. 


vo. 33 B, no. 2, may 1951 


157 

“J 

> par 

i 

| 


J. DOBSON 


Table IX shows the reasons for further treatment in relation to the initial form of 
treatment. It will be seen that immobilisation followed by operative fusion of the joint when 
the disease is quiescent gives the best prospect of permanent arrest of the disease. 


TABLE IX 


REASONS FOR FURTHER TREATMENT IN RELATION TO THE INITIAL 
TREATMENT 


Initial treatment 
Reasons for further 
treatment Conservative with 


Conservative 
later operation 


Chronic grumbling disease 4 


Reactivation . 18 
Deformity . 65 


Developed other foci : 3 


LATE RESULTS 


Late results were considered only after a minimal period of three years from the date 
of discharge from hospital. Two hundred and forty-one patients fulfilled this condition, 
and the group was made up as follows: 


Active disease 10 
Untraced 


The working capacity of 187 patients who survived is shown in Table X. Of these, 
174 (93 per cent) were in full employment or, in the case of children, at school full time; 
seven (3-7 per cent) were able to undertake light or part-time employment; and six (3-3 per 
cent) were unfit for any form of work. 

The influence of other active foci of disease is also seen in the late results. Of those with 
other tuberculous foci, the disease was healed in twenty-two (64-7 per cent), and eleven 
(32-4 per cent) died. In the uncomplicated group, the disease was healed in 155 (88-1 per cent), 


TABLE X 


WORKING CAPACITY 


Working capacity Number of cases Per cent 


174 93-0 
7 3-7 


6 3-3 


and twelve (6-8 per cent) died. Analysis of the cause of death was as follows: renal 
tuberculosis (five); pulmonary tuberculosis (five); amyloid disease (four); generalised 
tuberculosis (three); tuberculous meningitis (two) ; cause unknown (four). 
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CONCLUSIONS 


It must never be forgotten that tuberculosis of the hip is but a manifestation of a 
generalised disease, and that treatment, if it is to be successful, must be sufficiently prolonged 
to result in the healing of the primary focus as well as the local manifestation. There can be 
no “ short cuts ”’ in the treatment of skeletal tuberculosis. 

The adverse effect upon the prognosis of other foci of active tuberculosis in the same 
patient is so serious that a thorough search should be made for them in every case, and, if 
found, they should be attacked by every means at our disposal. 

An uncontaminated tuberculous abscess has no adverse influence upon the prognosis 
provided the joint lesion is under adequate control by immobilisation, but the introduction 
of secondary infection is so disastrous that every effort must be made to prevent it. Aspiration 
of an abscess should be conducted with the rigid aseptic technique of a major operation. 

It has been too readily assumed in the past that healing by fibrous ankylosis is satisfactory 
in the majority of cases, and sufficiently strong to withstand the stresses and strains of everyday 
life. It is my conviction, however, that a fibrous ankylosis which remains permanently sound 
is relatively uncommon, and that deformity or reactivation of the disease may develop even 
years after the apparent arrest of the disease. In my opinion a joint that has been infected 
with tuberculosis is safe only when bony ankylosis has been secured. 

I would suggest that the best results are to be obtained by treating tuberculosis of the 
hip first by rest, immobilisation, and by controlling other tuberculous lesions in the body; 
then by operation to secure bony ankylosis of the affected joint. 


SUMMARY 


1. Three hundred and twenty cases of tuberculosis of the hip joint have been analysed and 
the late results assessed three or more years after discharge from hospital. 

2. The primary bone focus involved the acetabulum alone in 39-3 pev cent; the acetabulum 
and femoral head in 34-1 per cent; the head of femur alone in 19-2 per cent, and the femoral 
neck alone in 7-4 per cent. In 101 cases widespread destruction of the joint had taken place 
by the time the patient first came under observation. 

3. Premature epiphysial fusion round the knee joint of the affected side occurred in 23 per 
cent of ali patients under the age of fifteen years. 

4. When hip disease was complicated by multiple foci of active tuberculosis or by secondarily 
infected abscesses and sinuses, the prognosis was seriously worsened. 

5. Significant late deformity occurred in 38-3 per cent of patients discharged with ‘‘ sound ” 
fibrous ankylosis, and in 60-5 per cent of those with an unstable fibrous ankylosis. 

6. Of 187 patients observed for more than three years after discharge from hospital 174 
returned to full activity, seven were partly incapacitated and six were totally incapacitated. 
7. Analysis of the late results suggests that the prognosis is best when an adequate period 
of conservative treatment is followed by some form of arthrodesis operation. 
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FRACTURES OF THE UPPER END OF THE TIBIA 
IvAR PALMER, STOCKHOLM, SWEDEN 


The prognosis for fractures of the articular surfaces in general and fractures of the knee 
in particular is made uncertain by two factors. The first is the individually varying tendency 
towards post-traumatic circulatory disorders with secondary degenerative damage to the 
cartilage. A minor primary injury may, as a result, have serious consequences. The second 
factor is the unpredictable character of cartilage-bone regeneration. Joint cartilage in itself 
has no power of regeneration and metaplasia of ingrowing connective tissue to fibrocartilage 
can occur on a very small scale only. On the other hand, pronounced regeneration with 
plentiful formation of fibrocartilage may occur if the damage to the cartilage is combined 
with real damage to the subchondral bony tissue. Thus, in an autopsy experiment on the 
ankle I found a low fibular fracture which had united with a pronounced widening of the 
mortise. The space between the fibula and the talus was filled by a neat discoid cast of firm 
fibrocartilage, which originated in the place where the fracture communicated with the joint 
but which otherwise was free and unattached. That the regeneration in an injured joint is 
sometimes better if the subchondral spongy bone is involved is a fact mentioned by Haldeman 
(1938); and Maisel and Cornell (1948) described a case of an old fracture of a tibial condyle 
in which the picture was analogous to that in the case described above. 

These two factors introduce an irrational element into the treatment of the injuries in 
question. Minor injuries may have an unfavourable course, while major ones sometimes show 
a surprisingly good functional result. This supports the conservative surgeon in his fatalistic 
attitude that the result will be either good or bad, regardless of the method of treatment. 
Such an attitude, however, is tantamount to trusting to luck. It should be borne in mind that 
several workers—Barr (1940) and Cave (1948) in America and von Bahr (1945) in Sweden 
have proved that the prognosis is related to, if not in direct proportion to, the reduction. 
Despite irrational factors, the only rational attitude is that nature should be assisted in every 
possible way in these grave injuries. But the point is to help nature and not to make matters 
worse. A difficult decision may have to be made. Recognition of the operative indications 
requires experience, and the operation itself may be technically delicate. 

Many papers have been published on the fractures of the upper end of the tibia, some of 
them urging operation, others recommending conservative treatment. The consensus is, 
however, that anatomical reduction is desirable and can often be achieved only by operation 
(Bick 1941, Caldwell 1936, Cubbins et al. 1934, Leadbetter and Hand 1940). 


CLASSIFICATION 

Fractures of the condyle vary widely and the method of treatment must be modified 
from case to case. On the basis of our experience, we have evolved a classification which we 
consider to have a good anatomical foundation and which provides satisfactory guidance in 
formulating treatment. Bradford et al. (1950) reported a similar method of classification in 
one of the most recent papers on the subject. Our classification, illustrated in Figures | to 3, 
is as follows: 
1) Split fractures—The dislodged femoral condyle tears off a wedge-shaped fragment of 
the tibial condyle, which in turn is dislocated downwards and laterally with a varying degree 
of separation. 
2) Compression fractures—Here the displaced femoral condyle does not produce a split 
fracture but a compression injury. A part of the articular surface of the tibia is pressed down 
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into the spongy tissue of the epiphysis. The depressed fragment—or fragments, for there 
may be a mosaic-like mass—is generally surrounded by marginal fragments which mark the 
normal level of the articular surface but which may be displaced somewhat laterally. Types 
1 and 2 are often seen in combination—that is, there are both a lateral split fragment and a 
compression fragment pressed down into the space. 

3) T- or Y-fractures in which both condyles are fractured and the fracture in general is 
much comminuted. 


Fic. 2 Fic. 3 
Classification of the fractures: 
Figure 1—Split fractures. Figure 2—Compression fractures. Figure 3—T- or Y-fractures 


Fic. 1 


TREATMENT 

The treatment of these injuries has naturally not been uniform through the years. It is, 

in fact, only during the last two years that we have formulated the indications and the most 
satisfactory technique for operation. The operative material dating back to 1934, when we 
began to treat these cases surgically, is therefore not representative of the results of the 
therapeutic principles evolved later. 
Split fractures—These are the most benign. If there is only very slight displacement they 
can be treated conservatively with a favourable prognosis. Our method of conservative 
treatment employs a plaster case with the foot free and the knee in moderate varus for a 
period of four weeks. After that, there is exercise without weight-bearing for two weeks; 
and then a new plaster is applied and retained for four weeks with weight-bearing permitted. 
This is the treatment given after operation also, although the timing of the various stages 
may be adapted to fit each individual case. 

The presence of even moderate displacement, however, is an indication for operative 
treatment—particularly since the operation is such a simple and minor one. With the knee in 
extension the fragments are pressed together manually, after which—-without arthrotomy—a 
wing screw is inserted through a one-inch incision, horizontally through the lateral fragment 
and straight through the condyle. The screw should reach the cortex on the opposite side in 
order to attain the necessary compression force. The reduction is checked by post-operative 
radiographs. 
Compression fractures—It is widely accepted that this type of fracture cannot be treated 
conservatively. The only question is the depth of compression which should be considered 
to indicate operation. And since, with our present technique, the operation is relatively 
simple, we have broadened the indications to include depressions of five millimetres. Cave 
(1948) described the method used at the Massachusetts General Hospital as follows: the 
condyle is explored subperiosteally, divided by osteotomy and moved to one side to allow 
access to the depressed fragments. The present writer believes, however, that subperiosteal 
exploration should be avoided and that the compression should be reduced through a small 
hole chiseled through the bottom of the condyle (Palmer 1939). 

Previously we explored the joint through a lateral parapatellar incision which was 
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extended down over the tibial condyle and curved slightly backwards. In order to survey 
the articular surface it was necessary to split the lateral meniscus close to its insertion and 
move it laterally. Now we prefer a horizontal incision, which provides very satisfactory 
exposure. The incision is begun at the margin of the patellar ligament and runs through 
the iliotibial band and the joint capsule under the lateral meniscus and on to the lateral 
ligament, which may be split if the need arises. With the joint flexed and adducted the whole 
articular surface under the meniscus can now be surveyed. A second small incision somewhat 


Fic.4 Fic. 5 
Compression fracture. Figure 4—Before operation. Figure 5— 
After elevation and plugging. 


Compression fracture. Figure 6—-Before operation. Figure 7—After 
elevation and plugging. 


Fic. 7 


lower down and anteriorly over the condyle provides access to the bottom of the condyle, 
where a hole about one centimetre in diameter is chiselled. An elevator is inserted in the 
opening and is used to replace the depressed fragments, under close observation of the articular 
surface. By probing movements with the elevator, the operator forms an opinion of the 
shape and size of the compression defect after reduction. Spongy chips are taken from the 
crest of the ilium and are packed into the cavity until pressure from the joint on the fragments 
proves that they are resting on a firm foundation which will prevent redisplacement. If the 
lateral meniscus is torn from its attachments to the capsule but is otherwise intact, the 
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damage is repaired with sutures. This type of tear is not a true meniscal rupture but a rupture 
of tissue capable of regeneration. 

A horizontal incision for exploration, a canal chiselled through the condyle for elevation 
from below, plugging with chips, and conservative treatment of the meniscus in our opinion 
add up to a satisfactory method of treating these injuries (Figs. 4 to 9). 

The combinations of split and compression fractures, which are common, require more 
extensive exploration. Here, the two incisions can be combined in a single angular incision, 


Fic. 8 Fic. 9 
Compression fracture. Figure 8—Before operation. Figure 9—After 
operation. 


Fic. 10 Fic. 11 
Combination of split and compression fractures. Figure 10—Before operation. Figure 11— 
After elevation, plugging, and fixation with wing screw. 


so that the split fragment can be turned aside like the cover of a book while the depressed 
fragments are elevated. If necessary the defect can then be filled as described, after which 
the split fragment is attached with a wing screw (Figs. 10 and 11). 

T- or Y-fractures—The consensus to-day is that operation should be avoided in the 
comminuted T- or Y-fractures. This negative attitude undoubtedly has its origin in 
unfortunate experiences, since as a rule the surgeon is tempted to resort to the knife in the 
most severe cases. We agree that in these cases adequate exploration of the injured area is 
impossible without extensive dissection. Operation may only make matters worse. 
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Cave (1948) recommended closed reduction and extension by transfixation. Bradford 
et al. (1950) emphasized, like Cave, that one should be conservative, but he has nevertheless 
operated on four out of seven cases. In my opinion, it is the operative cases of this category 
which bring the operative method in general into disrepute and which are reflected in 
disappointing end-results, as revealed by follow-up examinations. 

We have usually treated these cases with transfixation. One wire is threaded through a 
hole bored in the femur at a safe distance from the recess of the knee joint and another one 
is inserted through the calcaneum or the lower end of the tibia. With the joint in extension 
the fragments are subjected to powerful traction, after which the transfixation wires are 
incorporated in a knee plaster. The radiographic results are seldom perfect, but often relatively 
good. 


TABLE II 


TABLE I 


Late REsuULTS ACCORDING TO TREATMENT OF 
THE Meniscus (57 CaAsEs) 


TYPE OF FRACTURE AND LATE RESULTS AFTER 
OPERATION (57 CASEs) 


Split fractures . Meniscus left 


Compression fractures 28 9 5 — 42 
Meniscus removed . 9 5 2 — 16 


T- or Y-fractures 


Totals 


Totals 


! Full function, normal or almost normal mobility, no atrophy. 
+ = Moderate inconvenience after activity, good mobility, moderate atrophy, increased crepitation compared 
with the other side. 
— = Inconvenience limiting the working capacity, reduced mobility, atrophy, marked crepitation. 
—— = Pains even at rest, poor mobility or ankylosis. 


LATE RESULTS 


Our series of fractures of the tibial condyle treated by operative reduction amounts to 
ninety-eight cases. This includes von Bahr’s series of twenty-four cases for the years 1934 to 
1940, but excludes all those treated conservatively and those treated with transfixation- 
traction. 

Of the seventy-four patients treated between 1941 and March 1950, fifty-seven attended 
for follow-up examination in August 1950. It is evident that the end-results in the latter 
group are considerably better than those in the earlier series. This circumstance can be 
attributed in part to an improved, more atraumatic operative technique and also to the fact 
that spongy os purum has been replaced as plugging material by fresh autogenous chips 
from the crest of the ilium. 

I have attempted to assess the late results according to the type of fracture. The combined 
split and compression fractures treated with elevation, chips and screws have been placed in 
the compression group, which therefore includes the most highly comminuted cases. Eight 
of the Y-fractures were operated on according to indications which we later had to abandon. 
Nevertheless, the end-resu!ts for the entire group were surprisingly good. The true split 
fractures showed the best results, although the outcome in the mildly comminuted compression 
fractures was also good. It is the “‘ mosaic cases, in which the articular surface is broken 
into a multitude of small thin fragments depressed en masse, that have the poorest prognosis 
(Table I). 
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Analysis of the age distribution shows that these injuries are more common in middle 
age (forty to sixty years) and that age has scarcely any effect on the end-results. For example, 
in the oldest group (sixty to eighty years) five patients gained full function, and two had 
moderate function, while there were no poor results (Fig. 12). Age therefore does not constitute 
a contra-indication for operation. 

Analysis of the range of knee movement after operation reveals surprisingly good results 
(Fig. 13). Twenty-two patients, or almost 50 per cent, gained normal mobility, while eleven 
others had flexion to 45 degrees,* which is practically normal. One patient with flexion to 
85 degrees is still undergoing rehabilitation (three months after operation) and can be expected 
to regain almost full mobility. The results in respect of knee movement are considerably 
better than in those in von Bahr’s earlier series, in which most patients gained flexion to 
between 60 and 90 degrees. 


<45° 
(22 cases) 


(4 cases) / | | 
65° | 
(Sceses) | 
(Veases) (5* cases) (2 cases) 


AGE (YEARS) 


full function, normal or Moderate inconvemence 
+ += almost normal mobility, + = after actinty, good moovlity, 

no atrophy moderate atrophy ncreased Fic. 13 

crep tation compared with other side 
Range of knee flexion after 

lumubing the working capacity, 4 
less than 45°=normal flexion). 
Fic. 12 One patient still under treatment 
The age distribution in relation to the late results. is included. 


There were no cases of infection or of thrombosis with residual circulatory disorder. This 
was naturally the result of antithrombosis treatment. Distinctly increased lateral instability 
was seen in only three cases. The condition of the thigh muscles is the best gauge of the 
function of the extremities. Atrophy of these muscles as evidenced in a decrease in 
circumference of two centimetres or more was present in only nine cases. 

Several workers have emphasized that the meniscus should be left in place if possible. 
It is believed that the meniscus provides valuable cartilage which levels out any persistent 
deformation of the articular surfaces and covers surfaces where the articular cartilage has 
been sloughed off. This is purely speculative but it seems a reasonable theory. The present 
series permits no definite conclusions with regard to the meniscus, but it seems reasonable to 
assume that it plays an important part in the joint after a fracture of a condyle. In no case 
did a meniscus left in place cause symptoms of internal derangement (Table I). 


* The figures given indicate the measured angle at the knee joint when flexed to the fullest extent. Thus 
“ flexion to 45 degrees "’ indicates a range of flexion of 135 degrees from the fully extended position. 
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CONCLUSIONS 
In summary it may be said that operative treatment of certain severe fractures of the 
tibial condyle gives such good results as to justify its inclusion in our therapeutic arsenal—the 
more so since so-called conservative treatment is really no treatment at all. These injuries 
are usually not accessible to manipulation. Conservative treatment is rather an expression of 
therapeutic nihilism in which the end-results are left to chance. 


SUMMARY 
1. Ninety-eight cases of fracture of the upper end of the tibia treated by operative reduction 


have been reviewed. 

2. The true split fractures and the mildly comminuted compression fractures showed the best 
results. The ‘‘ mosaic ’’ cases showed the least satisfactory results. 

3. Age has scarcely any effect on the end-results and is consequently no contra-indication 


to operation. 
4. Nearly half the patients regained normal or almost normal mobility in the knee joint. 


5. In no case did a meniscus left in place cause symptoms indicating internal derangement. 
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CANCER AS A SEQUEL TO WAR WOUNDS 


Leon GILLIS and STANLEY LEE, LONDON, ENGLAND 


From Queen Mary's Hospital, Roehampton, and Westminster Hospital, London 


The purpose of this paper is to draw attention to a late complication of war wounds 
which, though rare, is important and deserves recognition. Twenty-four cases are presented 
in which a squamous carcinoma has arisen at the site of the wound; they have been selected 
from a considerably larger number because they allow no reasonable doubt as to the 
relationship of the carcinoma to the wound. Four of the cases are described in greater detail 
in order to illustrate certain special points afterwards discussed. 

Chronically irritated tissues have long been recognised as fertile soil for the development 
of squamous carcinoma. In 1835 Caesar Hawkins of St George’s Hospital, London, writing 
of “‘ warty tumours in cicatrices,’’ noted their occurrence in scars of burns and of flogging, 
and, in one instance, in an old gunshot wound of the leg. Carcinoma has been reported as a 
late complication of thermal, chemical and X-ray burns, of healed lupus, of chronic varicose 
ulcers (Marjolin’s ulcer), of chronic tuberculous and osteomyelitic sinuses and of anal 
fistulae. Among pensioners of the first world war we have found other instances 
complicating sacral bed-sores, trophic ulcers and callosities on anaesthetic feet, and the scars 
of frostbite and flash burns. These cases have been excluded from the present series, as 
have some examples of sarcoma that appear to have arisen in deeper tissues around scars 
or foreign bodies. Some of them, however, are appended for interest in Table I}. 
Clinical material—tThe clinical features of the twenty-four cases of the present series are 
set out in Table I, and selected cases are illustrated in Figures 1 to 14. It will be realised 
that the cases form a highly selected group: all are males, and all were of military age during 
the first world war. The reasons for the preponderance of lower limb wounds are discussed 
below. 

TYPICAL CASE REPORTS 

Case 5—At the age of twenty-four vears the patient received a wound in the upper part of the right 
thigh with fracture of the femur and consequent osteomyelitis. The sinuses never healed and the 
scars were extensive and adherent to bone. In 1943 increasing fetor of the discharge was noted 
and radiography showed extensive disease of the femoral shaft. Granulations around a sinus that 
had discharged continuously for twenty-five years were examined and showed clear evidence of 
carcinoma. The surgeon in charge recorded his conviction that the growth would be of low 
malignancy, and aimed to preserve an adequate stump by a guillotine amputation leaving five 
inches of femur. The operation was followed by early local recurrence and enlargement of the 
inguinal glands; and the patient died within a year. The histological picture showed that the 
tumour was of high malignancy. 
Comment—In this case it seems that the surgeon shared the common misconception that it is 
unnecessary to take very seriously carcinoma arising in scar tissue. This view finds considerable 
support in the literature; thus Harrison, writing as recently as 1938, stated: ‘‘ We have not found 
in the literature any instances of a carcinoma secondary to osteomyelitis in which there were 
distant metastases. Biopsy of nearby enlarged nodes has shown only chronic lymphadenitis.”’ 
Bereston and Ney (1941), however, collected from the literature seven cases with proved metastases 
and added two of their own. It is the experience of the present writers, as will be seen from several 
of the cases presented, that the tumours may become very malignant, developing rapidly, 
infiltrating extensively, and disseminating widely. They must be treated as urgently and radically 
as any other carcinoma. 
Case 7—Patient wounded in the right leg in 1918 at the age of eighteen years. The tibia was 
extensively damaged, and in thirty years the resultant sinuses never healed completely. There 
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Case 6—Low power section showing 
histological appearance. Squamous- 
cell carcinoma. 
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Fic. 3 


Fic. 1 


Case 6—Sinus cancer. Chronic sinus 

of the left buttock with development 

of carcinoma twenty-nine years after 
gunshot wounds. 


Case 6—Radiograph showing erosion of the left ischio-pubic ramus. 
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Case 8—Sinus cancer. Figure 4 shows a deep 

chronic ulcer crater with development of carcinoma 

thirty-three years after gunshot wounds. Figure 5 
malignant enlargement of the inguinal glands. 


Fic. 7 Fic. 8 


Case 9—-Sinus cancer. Figure 6—Commencement of carcinoma in a discharging sinus twenty-nine years 
after gunshot wounds. The rapidity of growth can be judged from comparison with Figure 7, a photograph 
taken only ten weeks later. Radiograph (Fig. 8) shows osteitis of the upper end of the femur. 
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Fic. 9 
Case 10—Sinus cancer. Deep ulcer in the sacral area after arrest of a carcinoma which developed 


thirty years after gunshot wounds. (By courtesy of Sir Stanford Cade.) 


Fic. 10 
Case 10—Radiograph shows extensive erosion of the sacrum. 
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Fic. 11 
Case 31—Carcinoma at the site of a deep ulcer crater of the foot in relation to the calcaneum., 
Skeletal traction by calcaneal pin twenty-one years previously led to infection and chronic sinus. : 
(Specimen in the museum of the Royal College of Surgeons.) 


Fic. 12 
Case 31—Radiograph shows extensive erosion of calcaneum. Note the soft-tissue swelling. 
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were many sequestra and he had at least seven operations. In 1946 radiographs showed large 
cavities in upper and lower ends of tibia; sclerosis of surrounding bone and synostosis with fibula 
opposite each cavity; and periosteal new bone formation around middle third of fibula. At that 
time there was much discharge, and histological examination of curettings from the sinus showed 
squamous-cell carcinoma. Amputation was performed eleven inches below the greater trochanter. 
A year later he was readmitted with an enlarged inguinal gland, clinically inoperable. His general 
condition was poor and radiographs of the chest showed a collapsed right lower lobe with effusion. 
He died within three weeks of admission. Autopsy revealed carcinoma in the amputation stump 
and in the inguinal glands, as well as in the lungs, diaphragm and pleura. 

Comment—This case presents certain notable features: the malignant change began within a 
sinus and was already well established before much surface change was evident; an increase in 
the amount and fetor of the discharge first called attention to the neoplasm; the tumour itself was 
very malignant and metastasized widely. 

Case 9—Patient aged thirty-six years at the time of wounding in the left thigh by bomb fragments 
in 1918. Apparently no gross bone injury. He was in various hospitals for four years and underwent 
a number of operations for osteomyelitis of the femur. Sinuses persisted in spite of treatment 
and never healed completely. In 1945 the presence of a sequestrum was noted but it was not 
removed. In 1947 a biopsy specimen taken from suspicious looking tissue at the margin of a sinus 
showed squamous-cell carcinoma. The rapid progress of the disease can be seen from the 
photographs (Figs. 6 and 7). No curative treatment was attempted and the patient died early 
in 1948. Autopsy showed extensive osteomyelitis of the femur with a massive carcinoma, but no 
visceral metastases. Amyloid changes were found in liver and spleen. 

Case 22—-In 1918, when twenty-eight years of age, the patient received a bullet wound of the 
right side of the face. The horizontal ramus of the mandible was shattered and there was much 
loss of soft tissue. The reconstructive programme occupied three years, after which the wound 
was healed, and there was fibrous union of the mandible, though movement was limited by scar 
tissue (Figs. 13 and 14). He remained well until 1942 when a malignant ulcer appeared on the 
mucosal aspect of the cheek close to a skin inlay. He was treated with high-voltage X-rays but, 
although the growth was arrested, an ulcer persisted; and in 1950 the disease again became active. 
Radical resection with repair by pedicle flaps was undertaken and the patient is alive, though 


probably with disease. 
Comment—This case differs from the preceding three in that bone infection had not persisted and 
there were no sinuses. The carcinoma presumably arose in unstable scar tissue, thus resembling 
those occurring in old burns or lupus scars. Comparable cases are numbers 27, 28 and 30 in Table II. 


PRE-CANCEROUS CHANGES 

In a few cases the wound has been seen in a state of hyperkeratosis that could be regarded 
as pre-cancerous. Clinical details of three such cases are given in Table III, and one case is 
illustrated in Figures 15 and 16. It may be claimed that in these cases treatment has prevented 
the onset of malignancy. 


DISCUSSION 


Sinus cancer—This term is chosen to designate the larger of the two groups into which our 
series may be subdivided, comprising sixteen cases. There is a history of an osteomyelitic 
sinus discharging for long periods, often throughout the latent interval. The tumour sometimes 
arises deep in the sinus and may reach a considerable size before becoming manifest on the 
surface. Obviously these cases are analogous to carcinomata arising in other types of sinuses 
and fistulae, and well recognised as a complication of chronic osteomyelitis of civilian origin 
(Hueper 1942, Niebauer 1946). They occur almost always in the lower limb, buttocks or 
sacral area; we ourselves have never seen an undoubted example in the upper limb, though 
a few have been recorded, one of them by Volkmann (quoted by Bereston and Ney 1941). 
This heavy preponderance of lower limb involvement is not merely a reflection of the 
distribution of war wounds in general nor of the bones affected by osteomyelitis. In 1929 
an analysis of limb wounds still disabling enough to require pensions (Sandison 1929) showed 
them to be distributed almost equally between arm and leg; while osteomyelitis, in a series 
of 2,400 cases admitted to the Massachusetts General Hospital and recorded by Benedict 
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Fic. 13 Fic. 14 


Case 22—Scar cancer. Figure 13—Treated carcinoma at the site of an old gunshot wound of the mandible 
sustained twenty-four years previously. The wounds had remained healed for twenty-one years after 
plastic reconstruction. Figure 14—Radiographic appearance; large defect in the right mandibular ramus. 


Fic. 15 Fic. 16 
Case 32—Pre-cancerous changes in scar. Figure 15—Photograph showing adherent scar with pre-cancerous 
changes thirty years after gunshot wounds. Figure 16—Histological section shows marked proliferative 
activity of the epithelium. 
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(1931), involved lower and upper limbs in the ratio of about three or four to one (Table IV). 
But it is in the lower limb that massive wounds with severe bone damage are treated 
conservatively and give rise to the persistent sinuses liable to undergo malignant change; it 
is common experience that such conditions are very rare in other regions of the body. 


TABLE IV 


ANATOMICAL DISTRIBUTION OF WAR WOUNDS, OSTEOMYELITIS AND SINUS CARCINOMA 


Pensioned Sinus carcinoma 
Site war wounds Osteomyelitis 
(Sandison 1929) (Benedict 1931) 


Upper limb 


(Benedict 1931) Present series 


113,000 415 None None 


Lower limb 117,000 1,358 12 1G, including those 
in pelvic area 


Scar cancer—There were at least seven of these in our series. There may be no history of 
prolonged infection, and no symptoms during the latent interval. The lower limb is not 
predominantly affected (this is also true of a series of burn scar cancers published by Treves 
and Pack in 1930). The growth starts in an area of thin, poorly nourished and brittle epithelium 
based on more or less extensive fibrous tissue and often firmly adherent to bone. In several 
of our cases the lesion was in the mouth, twice clearly in relation to skin inlays. The group 
corresponds in all respects to tumours occurring in other scars, such as those of burns, lupus 
and radiation. It is important to realise that even in this group, with little or no actual 
ulceration during the latent period, long continued carcinogenic influences are at work. 
Carcinoma does not occur in sound, supple, “‘ resting ’’ scars such as those produced by 
abdominal surgery. The dangerous scar is one in which cell division has been continuously 
stimulated for years under worsening conditions of deficient circulation and mechanical 
restriction. Such factors, it is easy to conceive, may lead to accumulation of metabolites, 
or to local deficiencies, eventually resulting in abnormal mitosis. 

Incidence— Carcinoma change as a complication of wounds and scars is clearly 
uncommon. McAnally 2nd Dockerty (1949) found in the records of the Mayo Clinic nine 
cases of carcinoma in 4,000 cases of osteomyelitis, three in 3,000 cases of anal fistula, and one 
in 1,500 cases of empyema. Benedict (1931) in his 2,400 cases of osteomyelitis found twelve 
complicated by carcinoma. Such figures, however, tend to obscure the true position. What is 
necessary is to determine not the incidence of carcinoma in all sinuses or scars, but in those 
that are twenty years old or more; on this basis the incidence of malignant change will 
certainly reach a much higher figure. No estimate has been found in the literature, and 
unfortunately our system of records does not enable us to make an assessment. It is not 
possible, for instance, to determine the number of men whose sinuses persisted for long 
periods, or to discover the total number of carcinomata that have arisen. 

Latent interval—In the present series no carcinoma developed sooner than eighteen years 
after the injury; and cases are still occurring more than thirty years after the end of the war. 
There is no method at our disposal for determining whether a peak has been reached; but it 
seems a likely supposition that, if there is in a given wound a tendency to malignant change, 
that tendency will increase as the years pass, right up to the patient’s death. There is no 
apparent relation between the latent interval and the age of the patient. A long interval is 
well recognised in other post-traumatic carcinomata: twenty to fifty years in cases of 
osteomyelitic sinuses, ten years or more in X-ray dermatitis, ten to forty years in varicose 
ulceration, and so on. Burn scars, however, occasionally undergo early malignant change, 
and Treves and Pack (1930) distinguished a group of middle-aged patients with what they 
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called ‘‘ acute burn scar cancers,” appearing within months or even weeks of the injury. 


They emphasized, however, that in patients of this age the possibility of some earlier, 
forgotten trauma to the affected area must be allowed. In such cases the burn is to be 
regarded as the precipitating, rather than the predisposing, cause. 


CONCLUSIONS 


A patient with a chronic discharging sinus or an extensive adherent scar is never safe 
from the risk of malignant change. Examples are still occurring more than thirty years after 
the end of the first world war. The possibility should be kept in mind by those concerned 
with the long-term treatment of wounds of this kind. Reasonable prophylactic measures 
would be: excision of adherent or unstable scars with, if necessary, their replacement by 
suitable pedicle flaps having a good blood supply; and earlier amputation if a 
osteomyelitic sinus persists for several years and does not yield to treatment. Supervision 
of doubtful cases should be frequent and should not be relaxed with the passage of the years. 
Warty changes or indolent ulceration of scars should be regarded with grave suspicion and 
investigated by biopsy. Any increase in pain or discharge in association with a sinus should 
receive prompt attention. Finally, if malignant change supervenes, treatment should be as 
speedy and as radical as with any other cancer. At least thirteen of our twenty-four patients 
have died of cancer. 


We have pleasure in recording our thanks to the Director-General of Medical Services of the Ministry of 
Pensions, not only for permission to publish this clinical material, but for the invaluable help which he and 
his staff have given us; and to the Medical Superintendent of Queen Mary’s Hospital, Roehampton, and 
his staff; without their help it would have been impossible to gather the necessary data. We also wish to 
thank Sir Stanford Cade for his encouragement and advice, and for his ready permission for his own cases 
to be included; Dr Mackenzie Douglas, Pathologist at Queen Mary’s Hospital, for bringing many of the 
cases to our notice and for providing much of the histological material; and Professor R. J. V. Pulvertaft, of 


Westminster Medical School, for preparing the photomicrogzaphs, and for criticism of the histological materia... _ 
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COMPRESSION ARTHRODESIS OF THE ANKLE AND SHOULDER 


JOHN CHARNLEY, MANCHESTER, ENGLAND 


Success with arthrodesis of the knee by compression (Charnley 1948) has now prompted 
the writer to describe his experiences with compression arthrodesis in the ankle and shoulder. 

The application of compression to arthrodesis of the ankle and shoulder is more difficult 
than it is in the knee, and the writer does not wish to minimise the fact that the methods to 
be described perhaps demand a little more mechanical aptitude than is necessary in most 
orthopaedic procedures; on this account there may be some who will deplore any tendency 
to complicate operative procedures, in the belief that all the great operations of surgery are 
essentially simple. But practically all the classical operations of surgery have now been 
explored and, unless some revolutionary discovery is made which will put the control of 
osteogenesis in the surgeon’s power, no great advance is likely to come from modifications 
of their detail. ; 

For the same reason the elaboration of techniques which depend on bone grafting would 
also seem to have a restricted future, with the exception of a few instances, notably that of 
the Brittain operation in the hip, where the function of the graft seems to be in harmony 
with some natural trend in the architecture of the skeleton. Experience with the tibial graft 
during a quarter of a century, following the pioneer work of Albee in the shaping and fixing 

’ of this graft, has shown that the fate of cortical bone is unpredictable; these grafts sometimes 
fail to unite, sometimes fracture after union, sometimes fail to heal when fractured, and at 
all times are slow to become incorporated. In the same way cancellous bone has not shown 
any phenomenal ability to bridge the moving zone of a joint line either by itself or when its 
lack of rigidity has been supplemented by metallic internal fixation. 

Until recently the idea has been prevalent that an autogenous bone-graft was 
“osteogenic ’’; but further experience has now made it obvious that the osteogenic powers 
of a bone graft are almost non-existent and that osteogenesis is a property only of the living 
bone of the host. 

In compression arthrodesis direct union is achieved between the living bones forming 
the joint surfaces without the intervention of an inert graft. One of the effects of compression 
is to eliminate all shearing strains as well as preventing a gap between the cut bone surfaces. 
Under these conditions the healing of a compression arthrodesis is more aptly compared to 
the healing of an accurately coapted skin wound than to the union of a displaced fracture 
with the production of callus. 

Technical researches in compression arthrodesis make it inevitable that operative 
procedures will become more complicated; but with surgeons specially trained to this at an 
{ early part of their career, and with the protection now afforded by antibiotics, elaborate 
i techniques will offer no danger in the hands of the orthopaedic surgeon of the future, provided 
: that sufficient attention is paid to the minutiae of the technique. For this reason the technical 
j procedures have been described here in minute detail to emphasize the fact that the time is 
coming when no surgeon will embark on a new procedure with only a general knowledge of 
the principle and in the hope of himself improvising the details. 


ARTHRODESIS OF THE ANKLE 


In order to gain free access to the upper surface of the talus and the lower surface of the 
tibia, so as to shape them into plane surfaces which can be exactly coapted under compression, 
the approach advocated here may, at first sight, seem unnecessarily destructive; but before 
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it was finally decided that this method provided the best answer to the problem numerous 
trials were made on cadaveric as well as on living subjects. In this way experiments were 
made with the following exposures: 1) The anterior midline longitudinal approach. 2) The 


Fic. 1 
The problem of arthrodesis of the ankle in mal-position. By this technique it was possible 
to restore the alignment of the talus to the tibia. This necessitated the correction of 
45 degrees of inversion of the talus. 


Fic. 2 
Position six months after operation. Early evidence of bone union. 


lateral approach, with resection of the lower end of the fibula. 3) The combined medial and 
lateral approaches, with resection of both malleoli, in the way described by Anderson (1945) 
” But it was found that none of these approaches lent itself 


as “ concentric arthrodesis. 


to the compression technique as easily as did a transverse anterior incision. Compression 
\ p 
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can be applied, though with difficulty, through any of the standard incisions when the ankle 
is anatomically normal, but it is when the talus lies in malalignment, as after an unreduced 
Pott’s fracture or an epiphysial injury disturbing growth, that the advantages of the transverse 
incision are appreciated (Figs. 1 and 2). 

Numerous arguments can be advanced against the idea of a transverse incision, dividing 
as it does the extensor tendons, the anterior tibial vessels and nerves and the terminal branches 
of the musculo-cutaneous nerve; but in practice all have proved insignificant. Thus it can 
be argued: 1) that the suture of the divided tendons at the conclusion of the operation would 
be an exceedingly tedious and irksome procedure; 2) that division of the anterior tibial artery 
might be a serious loss to the circulation; 3) that anaesthesia of the toes, of a particularly 
disagreeable nature, may result: 4) that the emergence of the Steinman nail from the ends 
of the skin incision is undesirable because it offers a communication between the skin wound 
and the arthrodesis line. In practice all these fears seem to be without foundation; there is 
no permanent anaesthesia after the operation, and the circulation in the foot is unimpaired. 


Technique 


Skin incision—The incision crosses the front of the ankle from the tip of one malleolus to 
the other. It is important to start and finish exactly over the extreme tips of the malleoli; 
otherwise the distal compression pin, when the wound is sutured, will not emerge easily from 
the line of the incision. Instead of passing in a straight line across the ankle by the shortest 
distance between the two malleoli, it is important to make this incision curve distally at its 
mid-point, because the direct line between the malleoli is to be the line of section of the 
tendons and this precaution therefore avoids the tendon sutures lying directly under the skin 
incision (Fig. 3). The proximal edge of the skin wound is dissected up as a flap until the 
direct line between the malleoli is reached. 

Section of the tendons—The tendons to be divided fall into three groups: 1) tibialis anterior, 
2) extensor hallucis longus and 3) all parts of the extensor communis digitorum and the 
peroneus tertius considered as one unit. The intended line of section is identified and thread 
sutures of the Bunnel type are passed before the tendons are cut (Fig. 4). The passage of 
the sutures can be done very quickly because there is no need for any very meticulous 
approximation of the extensor tendons at this level. The group of common extensor tendons 
is treated as a single tendon and is transfixed by one suture. It is important to discard 
the distal part of peroneus tertius as this will obstruct the action of the combined tendon 
on the toes. 

Opening the joint—The incision is deepened in the direct line between the malleoli and after 
ligation of the divided anterior tibial vessels the capsule of the joint is opened transversely 
from one malleolus to the other. 

Defining the malleoli—The proximal flap of the joint capsule is now elevated from the front of 
the tibia for about half an inch by sharp dissection. The subperiosteal exposure is carried 
laterally and medially until both malleoli are exposed and until the posterior edges of both 
malleoli are within reach. This is the crucial step in the operation; unless the posterior margins 
of the malleoli are accessible the subsequent steps will be obscured and there will be danger 
to the soft parts when the saw is used. 

Sawing the talus—-With a sandbag under the calf and the foot left unsupported posteriorly, 
the assistant now holds the foot so that it is in the amount of plantar-flexion which it is hoped 
to perpetuate in the final arthrodesis; this should be enough to allow for a shoe heel. An 
ordinary amputation saw is now started across the front of the ankle joint just where the 
talus emerges from below the anterior margin of the tibia (Fig. 5). The malleoli and the 
talus are sawn through, with the saw held exactly at right angles to the axis of the tibia. It 
is dangerous to saw completely through the malleoli lest the tendons lying behind them be 


THE JOURNAL OF BONE AND JOINT SURGERY 


os 
4 
| 
| 
’ 
| 


COMPRESSION ARTHRODESIS OF THE ANKLE AND SHOULDER 


Fic. 4 


Figure 3—Continuous line indicates the skin incision. Dotted line indicates the 
intended line of tendon section. Figure 4—Bunnell sutures in position before section 
of the tendons. 


Fic. 3 


Fic. 5 Fic. 6 Fic. 7 
Figure 5—Line of first saw cut. To show this the foot has been slightly plantar-flexed but in the correct 
position the saw cut touches the talus just at its point of emergence below the anterior margin of the tibia. 


Figure 6—Showing the appearance after removal of the lower end of the tibia. Figure 7—Pins inserted 
and compression applied. Note the hair-line fit of the opposed surfaces. 
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damaged, and the saw should therefore be stopped within a quarter of an inch of their posterior 
surfaces. Because the medial malleolus lies in a more anterior plane than the lateral malleolus 
care must be taken not to deepen the saw cut as much on the inner side as on the outer. The 
foot is now forcibly plantar-flexed and the ankle joint will open like a book by the fracturing 
of the unsawn portions of the malleoli. A flat rectangular cut surface will now be seen on the 
upper aspect of the talus. 

Sawing the lower end of the tibia—In the plantar-flexed position of the foot, the lower end of 
the tibia is completely exposed and a slice about a quarter of an inch thick, including both 
malleoli, must now be carefully sawn off. Care must be exercised when the posterior cortex 
of the tibia is being reached because of the important structures lying behind it. The slice 
should be cracked off before the posterior cortex is cut and the projecting bone left behind 
should be nibbled away with bone forceps. The foot is now brought up to a right angle to 
test the apposition of the cut bone surfaces (Fig. 6). If possible the distal fragments of the 
malleoli should be preserved as they provide the natural pulleys round which the tibialis 
posterior and peroneal tendons pass. 

Insertion of the distal nail—The distal Steinman nail, through the talus, should be passed 
first. It is passed through the open wound without any attempt to pierce adjacent skin. 
It should be passed slightly anterior to the axis of the talus because the compression force 
will hold the anterior edges of the arthrodesis closed while the pull of the Achilles tendon will 
keep the posterior edges closed. 

It is important to see that the nail is clear of the subtalar joint, and that it is at right 
angles to the axis of the tibia as seen in the front view. (Any rotary error is unimportant as 
it can be corrected later by the range of adjustment provided in the clamps.) 

Passing the proximal nail—The compression clamps are now attached to the distal nail so 
as to guide the second nail in parallel through the lower end of the tibia. It is important 
to use nails which have drill points, because the simple trocar point will often split a tibia 
if driven in with a mallet. 

Closure—The screw clamps are now tightened until the nails are slightly bent under the 
compression force and the firmness of the arthrodesis is tested by attempts to move the talus 
on the tibia (Fig. 7). If any error in rotation is detected at this stage it can be adjusted by 
releasing the compression, twisting the foot into correct relation with the tibia and then 
retightening the clamps. The tendons are now approximated by tying the appropriate 
sutures and the skin is closed in one layer. Dressings are applied, a thick layer of wool to 
cover everything, and a pressure bandage is applied before the tourniquet is released. A 
light plaster case is advisable for comfort and permanence of the dressings though it is 
not necessary for fixation. 

Post-operative management—The dressings are left untouched for four weeks; during 
this time the patient is confined to a bed or couch, and is not allowed to hold the ankle in a 
dependent position. After four weeks the pins are removed and a walking plaster is applied 
for another four weeks. At the end of this time, that is, eight weeks after operation, plaster is 
discarded and the patient allowed to start rehabilitation, and he should be fit for light 
work three months from the time of the operation. 


Results 

The writer has now performed this operation nineteen times in three years. The results 
have been most encouraging even though the technique was subject to many changes in the 
first ten cases. The end-results were excellent in all nineteen cases except one, and in this 
case mid-tarsal arthritis was later found to have existed before the operation and a subtalar 
and mid-tarsal fusion had to be carried out later. 

In four cases bony fusion failed to take place. The functional result of these four fibrous 
unions was, however, practically equivalent to bony fusion; the reason for this seems 
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to be that the closely applied flat surfaces of this fusion cannot work loose to form a 
pseudarthrosis. Two of the four failures to get bone fusion occurred in cases where the tibia 
had been split by the proximal pin and where, therefore, the compression force was inadequate. 


Fic. 8 
Case 1—Radiographs six months after operation showing evidence of bony fusion 
at the line of arthrodesis. 


Fic. 9 


Case 2—Radiographs six months after operation. Trabecular continuity is 
established. 


In the remaining two cases of fibrous union the talus was not accurately fitted to the tibia 
and the talus was never quite immobile against the tibia—there being in both cases a tendency 
for the line of the arthrodesis to gape in front. Thus all four failures to get bony union could 
be traced to technical errors. 
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From these experiences with compression arthrodesis in the ankle it would appear that 
this joint does not possess the same natural potential for bony union as exists in the soft 
cancellous bone of the knee. The narrow latitude for technical error probably follows from 
the fact that the cut surface of the talus often shows it to be a remarkably dense and bloodless 
bone; in this respect it stands in marked contrast to the cut surface of the lower end of 
the tibia, and though even this is very much harder than is the cancellous bone at the upper 
end of the tibia, it always shows red marrow and a cancellous structure. In some cases of 
osteoarthritis of the ankle the cut surface of the talus suggests that it might even be ischaemic. 

In the radiological examination of these ankles after operation, it takes at least six months 
for trabeculation to be seen crossing the line of the fusion. When fibrous union has taken 
place the line of bone apposition becomes sclerosed and this fact is useful in predicting osseous 
union because, so long as there is no sclerosis at six months, it can be inferred that osseous 
union is already present, and that trabecular continuity will eventually follow (Figs. 8 and 9). 


ARTHRODESIS OF THE SHOULDER 


Principle—In arthrodesis of the shoulder the discrepancy between the small size of the 
glenoid fossa and the large size of the humeral head makes stable apposition of the two, 
under a compression force, a precarious and uncertain feat. In the method to be described 
it has been found possible to secure stability under compression, if the head of the humerus 
is compressed against the scapula in a subluxated position. 

If the head of the humerus is displaced slightly upwards and forwards, it will take up a 
position in which it lies snugly between three bony points: the acromion above, the coracoid 
in front, and the upper part of the glenoid below. These three bony structures form, as it 
were, a hollow pyramid into which the head of the humerus can be driven and where it will 
automatically find three points of bone contact and considerable stability. In practice, the 
contact of bare bone against the head of the humerus is possibly only at the under-surface 
of the acromion and the upper part of the glenoid, because the coracoid process cannot be 
easily denuded of the soft tissues covering it. Despite this, the coracoid still offers an important 
anterior buttress and prevents the head of the humerus from slipping forwards and thereby 
losing contact with the two areas on the glenoid and acromion. 

In the shoulder joint the configuration of the parts does not lend itself to an ideal design 
for compression arthrodesis—that is, one in which the surfaces of cancellous bone are accurately 
coapted over an extensive area, as exemplified in the knee and ankle. This handicap can be 
overcome—and with success, as results have shown—by producing bony union under 
compression at ‘wo separate points, even though these points each possess only a small area 
of contact. The essential feature seems to be that these two points are at widely separated 
places on the humeral head and together they thus achieve, in some measure, one of the 
mechanical effects of contact over a large area, that is, a wide base. The humerus thus becomes 
adherent to the scapula in a way which is able to resist the strains of adduction and of rotation, 
without a tendency for the arthrodesis to work loose and form a pseudarthrosis as happens 
when a single point of contact coincides with the centre of movement. In this operation 
the only axis of movement which is unstable is that which passes simultaneously through 
both points of contact; this axis corresponds roughly with the movement of flexion and 
extension. It is worth emphasizing that in this arthrodesis the movements of abduction- 
adduction and of rotation are both strongly resisted; this is important because these are the 
directions in which the shoulder is under the greatest strain when the patient lifts a weight 
in front of the body with the elbow at right angles and the forearm horizontal. 

By a recent and easily performed addition to the compression technique, it has been 
found possible to strengthen the end-result even further by combining it with the Putti 
method of arthrodesis. In the Putti arthrodesis the greater tuberosity is split away from the 
humeral head so as to allow the tip of the acromion to be inserted into the cleft. This ancillary 
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procedure does not participate in the rapid fusion which is shared by the two other points 
of bone contact, because it is not under compression, but as it increases the area of contact 
and as it is so easily combined with the compression technique, there seems every reason 
for retaining it in the routine (Fig. 10). 

Technique 


Position—Before operation a plaster jacket is applied so that an arm plaster applied at the 
end of the operation can be easily converted into a shoulder spica. The patient is operated 
on in the sitting position in a dental chair (Abbott et al. 1949). 

Skin incision—The “ sabre cut ”’ incision is used passing from front to back over the outer 
edge of the acromion. 

Exposure—The deltoid is detached from the acromion by sharp dissection so as to leave the raw 
bone of the outer part of the acromion exposed. The capsule of the shoulder joint is incised 
and extended as far as possible down the anterior and posterior aspects until the head of the 


Fic. 10 Fic. 11 
Showing the method of combining compression View of the shoulder from above to indicate 
arthrodesis with the Putti technique. the position of the compression pins. 


humerus can be retracted downwards and outwards to reveal the depths of the glenoid fossa. 
Preparation of the bony surfaces—The glenoid fossa is denuded of cartilage with a wide gouge 
after the glenoid labrum has been dissected away. The cancellous bone is opened up with an 
osteotome by cross-cuts into the surface. The under-surface of the acromion is exposed by 
dissecting off the remains of the subacromial bursa and its cancellous substance is exposed 
with a wide gouge. The head of the humerus is now denuded of articular cartilage and the 
way in which it will gain apposition against the surfaces to which it is to be fused is now 
tested. To do this the assistant holds the arm and forearm in the position of arthrodesis 
while the surgeon explores the points of contact with his finger. 

It is at this point that the possibility of increasing the strength of the final fusion by 
incorporating the Putti fusion can be assessed. If the case is favourable for this added detail, 
it will be found that, in the arthrodesing position, the summit of the great tuberosity abuts 
against the outer edge of the acromion and prevents the head of the humerus riding upwards 
for its denuded surface to make firm contact with the deep surface of the acromion. If this 
is the case the great tuberosity must be split outwards with an osteotome and on again trying 
the apposition it will be found that the head now reaches snugly under the acromion and in 
addition that the acromion is received into the upper end of the cleft between the head of 
the humerus and the detached tuberosity. 
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Insertion of the compression nails—The proximal nail is inserted first. Because it is the crux 
of the operation the details of this manoeuvre must be studied closely. In a thickset patient 
a ten-inch nail is necessary. The nail is passed through the outer inch of the clavicle and 


Fic. 14 Fic. 15 
Case 3—Old brachial plexus injury. Figure 14—Plaster spica and compression clamps in position. 
Figure 15—One month after operation sustaining abduction without discomfort. 


directed backwards, outwards and downwards. It traverses the supraspinous fossa and 
pierces the thick part of the spinous process of the scapula just where it springs out of the 
blade of the scapula. It will be seen that it is impossible for this nail to wound any of the 
important structures in the axilla as it is separated from them by the body of the scapula. 
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This rather complicated spatial direction of the nail, involving as it does three different 
planes, is not difficult to estimate if it is checked by its relation to the position of the arm 
when the latter is held in the arthrodesing position (Figs. 11 to 13). For this purpose it is 
recommended that the arm should be held: 1) in 45 degrees of abduction; 2) advanced 
45 degrees in front of the coronal plane; and 3) with the humerus externally rotated so 
that the forearm is inclined about 45 degrees above the horizontal when the elbow is held 
at a right angle. In this position it will be found that the proximal nail must be passed at 
right angles to the axis of the humerus and roughly parallel to the axis of the forearm. 


Fic. 16 
Case 4—Old brachial 
plexus injury. Photo- 
graph shows patient 
lifting a five-pound 
weight ten weeks after 
operation. 


Fic. 17 
Case 4—Radiograph of 
the shoulder ten weeks 
after operation. Although 
the shoulder clinically 
seemed solidly fused the 
radiograph does not show 
any trabeculation across 
the line of arthrodesis. 


The second nail is now passed through the upper end of the humerus. To do this the 
compression clamps are attached to the first nail so that it will automatically guide the second 
nail in a parallel direction. It is important that this nail should be provided with a drill 
point because the bone of the shaft of the humerus is very dense and it may split if the mallet 
has to be used on a nail with only a trocar point. The only direction which must be carefully 
watched in the insertion of the second nail is its inclination to the horizontal. The nail should 
enter slightly higher in front than its point of exit behind. It should pass as near to the 
surgical neck of the humerus as possible so as to diminish as far as possible the remote chance 
of its wounding the radial nerve, which at this level lies medially, in the neurovascular bundle, 
though at a safe distance from the nail. 
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Tightening the clamps—On tightening the clamps the arthrodesing position should be checked. 
If not quite satisfactory, the degree of abduction and rotation can be altered by releasing the 
clamps and moving the humerus in the desired direction. The only angle which cannot be 
reset at this stage is that which controls the amount which the elbow is advanced in frent of 
the coronal plane; this is governed by the siting of the proximal nail and if it is seriously 
wrong this nail will have to be reinserted. This proximal nail must always lie transversely 
to the axis of the humerus when the patient is viewed from above (Fig. 11); if this detail is 
not observed the clamps will not compress the humeral head in the right direction. 

In the four consecutive cases in which this operation has so far been used, the siting of 
the nails has offered no difficulty and the rigidity of the fixation when the clamps are 
screwed up has far exceeded what one might have expected from a superficial examination 
of the anatomy of the parts. 


Fic. 18 Fic. 19 
Compression arthrodesis of the shoulder for Radiograph of another patient seven months after operation. 
brachial plexus palsy. Eight weeks and two —_Osseous union has not taken place but clinically the shoulder 
days after operation. is firmly fused and patient is at work as a fitter. Note the 
** Putti ’’ modification described in text. 


Application of plaster—The forearm and arm are now incorporated in a plaster which is then 
connected to the previously applied body case, thus making a shoulder spica. 
Post-operative management—The plaster is retained for four weeks, the patient being 
preferably kept in bed while the nails are in position. At the end of four weeks the nails are 
removed and the shoulder spica is retained for a further four weeks. At the end of this time 
all external fixaticn has been abolished and unsupported use of the shoulder has been 
permitted, but it is probable that in future a considerably longer period in plaster would 
be wiser. 


Results 


The rapidity with which the patients have returned to normal activity after this operation 
has been so striking that the writer feels justified in making this report though it only concerns 
four cases; but arthrodesis of the shoulder is not a common operation and it is likely that it 
would take several years before this series could be significantly increased. 
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Three of the patients were operated on for paralysis of the shoulder following brachial 
plexus injuries and because of the mobility of the shoulder joint this is a condition in which, in 
the adult, it is notoriously difficult to obtain successful arthrodesis at the first attempt. The 
fourth case concerned a tuberculous shoulder and though it appears to have been successful 
it is probable that in this disease para-articular methods are to be preferred. 

In all four cases the patients were able to elevate their arms actively and without 
hesitation four weeks after the operation when the compression pins were removed. Ten 
weeks after the operation they were able to sustain a weight of five pounds with the elbow 
straight and abducted from the side (Figs. 14 to 18). In one of the cases of brachial plexus 
injury there is a suspicion that bony union has failed to occur but the functional result is so 
good that this point seems immaterial. This patient returned to his ordinary work as a 
draughtsman three months after the operation and has now been back at work without 
interruption over six months. This illustrates the importance of the ‘‘ wide base ’’ by which 
the humerus is attached to the scapula and which thereby produces a sort of bone block 
should bony fusion fail to occur. 

The longest post-operative period is now ten months and it is interesting in this case to 
observe that though there can be no doubt on clinical examination that bony fusion has 
taken place, the radiological evidence of bony union is still not convincing (Fig. 19). This 
tardy development of trabecular continuity is perhaps not unexpected in the shoulder joint 
because the forces which it transmits, unlike the weight-bearing joints of the lower extremity, 
are less in amount and variable in direction. 
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TROCHANTERIC FRACTURES 
A Review of 110 Cases Treated by Nail-plate Fixation 
E. MERVYN EVANS, SWANSEA, S. WALES 
From the Birmingham Accident Hospital 


The special problems of injury and disease in the aged are of growing importance for 

medical and sociological reasons. The percentage of old people among our population is 
increasing, and this increase is likely to continue for many years. Fractures of the trochanteric 
region of the femur occur more often than fractures of the neck of the femur in the 
ratio of about three to two and the average age of the patients is about a decade higher. In 
a previous communication (Evans 1949) the author presented a series of 101 trochanteric 
fractures of the femur treated conservatively and, for comparison, a small series of cases 
treated by fixation with the Capener-Neufeld nail-plate. This paper reports in detail a series 
of 110 cases treated by operation. 
Classification—A classification is presented which correlates the various fracture patterns 
with the behaviour to be expected under treatment (Fig. 1). In most cases the general 
direction of the fracture line is obliquely downwards and medially through the trochanteric 
region (Type I). But the fractures vary from a linear crack without displacement to 
comminuted fractures with three or four fragments. The stability or otherwise of the fracture 
depends upon the line of cortical bone on the medial side of the neck and shaft after reduction. 
When this medial cortical buttress is undisplaced or has been restored during reduction the 
fracture is stable. When there is cortical overlap or destruction which cannot be restored 
the fracture is unstable, and some degree of coxa vara deformity is to be expected (Fig. 2). 
The unstable type of fracture is met with in about 25 per cent of cases, a figure which will be 
found to correspond closely with the incidence of coxa vara deformity both in our cases 
treated conservatively and in those treated by operation. 

Occasionally the line of fracture is the reverse of that usually found and corresponds 
roughly with the line of an oblique displacement osteotomy (Type II): in this group there is 
a tendency to medial displacement of the femoral shaft. 

This classification is of practical value when internal fixation has been employed, for in 
the stable type of fracture immediate weight-bearing may be permitted, a concession which 
greatly simplifies the post-operative treatment of the older patient. 


A COMPARISON OF CONSERVATIVE AND OPERATIVE METHODS OF TREATMENT 

In order to compare the merits of conservative and operative treatment two series of 
patients have been studied—one of patients treated conservatively at the Birmingham 
Accident Hospital between the years 1941-48, during which period conservative treatment 
was the routine, and one of patients treated operatively during 1948-49, when operation 
was performed in all cases. Before considering these in detail some general points must be 
made. In Great Britain we are conservative in our surgical outlook and, particularly in the 
treatment of fractures, any method which employs internal fixation is regarded as suspect 
until its advantages have been clearly indicated. The advocates of conservative treatment 
have pointed out some of the fallacies in drawing conclusions from reviews of series treated 
by operation—the selection of cases for operation which may invalidate a mortality figure, 
the habit of referring only to “ deaths attributable to operation,”’ or the exclusion of earlier 
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TYPE 1 


65% 
STABLE 
72% 
r 147, ¢ / 


DISPLACED 
BUT REDUCED 


UNSTABLE 
28% 


Classification of the two types of trochanteric fractures into stable and 
unstable groups. 
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Trochanteric fractures of the femur. Diagrams illustrating the importance 
of the medial cortical buttress in the development of coxa vara deformity. 
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cases in a series before operative technique has been perfected. For this reason the greatest 
care has been taken in the present series to ensure that it is entirely unselected. Every case 
is included from the day on which operative fixation was adopted as a routine, and during 
the period under review no patient was denied operation for any reason, though many of 
them were very poor “‘ operative risks.”” In most reviews of cases treated conservatively the 
statistics of mortality and end-results are based on a period of approximately sixteen weeks 
after injury, this being the average length of time the patient was in hospital. To ensure 
that the statistics are comparable the mortality and end-results in the series now reported 
are based on a minimum period of five months from operation. 


TONSERVATIVE TREATMENT IN HOSPITAL 

Between the years 1941-48, 101 patients with trochanteric fracture were treated 
conservatively in hospital. This series, a summary of which is shown in Table I, has already 
been reported (Evans 1949). During a part of the same period (1945-47) twenty-five patients 
were referred home for treatment, the average age of this group being seventy-seven years 
and the mortality 44 per cent. Both the mortality and the average age in the Table therefore 
are considerably lower than they would be in a strictly unselected series. 


OPERATIVE TREATMENT IN HOSPITAL 


Table II summarises 110 fractures treated by fixation with the Capener-Neufeld nail-plate. 
Three of the patients were operated upon in 1945, the others in 1948 and 1949. All patients 
in the series were operated upon more than five months ago and with one exception (a patient 


407 


354 


307 


Fic. 3 
The age incidence in 110 cases of trochanteric fracture of the femur 
treated by operation. The shaded sections indicate deaths within 
twenty weeks of operation. 


who left the district three months after operation, restored to pre-accident activity outdoors) 
all have been examined five months or more after operation. 

Age and sex incidence—The average age of the patients was seventy-four years (Fig. 3). The 
youngest patient was thirty-two years and the oldest ninety years. Eighty-six per cent of the 
patients were over the age of sixty years and 67 per cent over seventy years. Of the 110 cases 
sixty-nine were females and forty-one males. 

Mortality—Nine deaths occurred in hospital; three occurred after discharge but within five 
months of operation—a total mortality of 10-9 per cent. Of the three patients who died after 
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TABLE I 
SuMMARY OF 101 TROCHANTERIC FRACTURES TREATED CONSERVATIVELY IN THE 
BIRMINGHAM AccIDENT HospiTA-, 1941-48 


Method of treatment— 
Traction in Thomas's splint 
Traction followed by caliper 
Plaster spica 


Bed rest 


Number per cent 
Residual deformity (survivors)— 
Coxa vara 
Medial displacement of femoral shaft 
Upward and backward displacement of femoral 


Average length of stay in hospital (survivors) . ‘ 15 weeks (6-36) 


TABLE II 


SUMMARY OF 110 UNSELECTED TROCHANTERIC FRACTURES TREATED BY FIXATION 
WITH CAPENER-NEUFELD NAIL-PLATE 


Average age ‘ 74-3 years (32-90) 


Number _ per cent 
Deaths within 20 weeks 
Union in good position (survivors) 
Union with coxa vara deformity—slight 


severe 
Restored to pre accident activity—outdoors 
8i-8 
indoors. (90-8°%, of 
survivors) 
bedridden . 


Previously active: confined to house since accident . 6-4 
Previously active: confined to bed since accident. 1 0-9 


Average length of stay in hospital (survivors) . 4-9 weeks (2-16) 


voL. 33 B, no. 2, May 1951 


D 


195 

4 

as 
| 
Mi 16 
on 
| 
= 

| 

= 


E. MERVYN EVANS 


TABLE III 


DEATHS WITHIN 20 WEEKS OF OPERATION 
(Average Age—80-5 years) 


Time after 
operation 


Place of 
death 


Cause of death 


Two months 


Hospital 


Myocardial failure (bedridden 
two years before operation) 


Gangrene of foot due to 
dissecting aneurysm of popliteal 
artery. Died from auricular 
fibrillation after amputation 


E. B.| 83 Three weeks Hospital 


J. K.| 78 Three days Hospital Shock. Myocardial failure 


Auricular fibrillation. 
Myocardial failure 


M.R.| 78 One month Hospital 


E.W. 80 One day Hospital Shock. Myocardial failure 
C..B. 68 Four days Hospital Pulmonary embolus 
F.S. | 80 Three weeks Hospital General peritonitis 


C.H.| 89 One week Hospital Myocardial failure 


M.G.| 77 Two months __ Hospital Diabetes 


Two months Home Myocardial failure 


Myocardial failure. (Up and 


A.W.| 84 Three months Home about at home after operation) 


Coronary thrombosis. (Up and 


| | Home about at home after operation) 


TABLE IV 
FUNCTIONAL RESULT IN NINETY-EIGHT SURVIVORS 


Range of hip movement 


Full or good (moderate limitation of one movement) . 


(22 patients had limitation of medial rotation, the remaining 
hip movements being full) 


Fair (moderate limitation of two or more movements or less than 
10° fixed lateral rotation deformity) 21 


(13 patients had moderate combined limitation of abduction 
and medial rotation with coxa vara deformity) 


Poor 


(4 patients had more than 10° fixed lateral rotation. The 
remainder had considerable general restriction of movement) 


(Encephalitis 1) 
(Paralysis agitans 1) 
(Spastic diplegia 1) 


Not recorded 
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discharge two had been restored to pre-accident activity and might perhaps have been 
excluded. An analysis of the deaths is given in Table III: some of them will be considered 
in detail when the complications of operative treatment are discussed. The average age of 
the patients who died was eighty years. 

Functional results—The functional results were excellent. The results have been considered 
under three headings: 1) activity; 2) range of hip movement as compared with the normal side ; 
and 3) range of knee movement. 

Activity (Table 11)—Many patients had been confined to the house long before their accident, 
and in a few cases had been bedridden. It is reasonable therefore to assess restoration of 
function on the basis of pre-accident activity. It will be seen from Table II that 81-8 per cent 
of all patients, or 90-8 per cent of the survivors, were restored to their pre-accident state 
of activity. 

Range of hip movement (Table 1V)—It was impracticable to make an accurate estimation of 
hip movements owing to the advanced age of many of the patients. Osteoarthritis of both 
hips was a common incidental finding, and there were many patients with associated medical 
conditions affecting function. The range of movement has therefore been classified as good, 
fair or poor, and in general the uninjured limb has been used for comparison. In twenty-two 
of the sixty-three cases classified as good there was a moderate limitation of medial rotation, 
the remaining movements being full. This was attributed to the fact that in comminuted 
trochanteric fractures the comminution is caused by the lateral rotation component of 
the injury, and the fracture must be nailed in a position of lateral rotation to obtain 
approximation and alignment of the surfaces. In the group classified as fair, limitation of 
medial rotation was combined with limitation of abduction in thirteen cases, an indication 


TABLE V 
FUNCTIONAL RESULT IN NINETY-EIGHT SURVIVORS 


No. of 


Range of knee movement 
cases 


180°-90° or better . ; 23 
Less than 180°-90° ; 3 


of the presence of moderate coxa vara. In three cases there was a fixed lateral rotation 
deformity of less than 10 degrees. Four of the cases classified as poor had a fixed lateral 
rotation deformity of more than 10 degrees. 

Range of knee movement (Table V)—Knee movement was consistently good. Only three 
patients had a range of movement of less than 90 degrees from the fully extended position ; of 
these one had a spastic hemiplegia and another was suffering from advanced paralysis agitans. 
Complications. Coxa vara deformity (24 cases)—Coxa vara developed in twenty-four out 
of the ninety-eight survivors. In twenty-one of these the deformity was slight; but in three 
cases the neck-shaft angle was less than 110 degrees. The incidence of coxa vara corresponds 
closely with that noted in the series treated conservatively and with the incidence of unstable 
fractures in the classification shown in Table I. It is significant that deformity did not occur 
in any fracture classed as stable, despite early weight-bearing. The more severe deformities 
were usually associated with bending of the nail and in one case the nail broke two months 
after operation: the fracture had by this time almost united and the patient was unaware 
of the occurrence. In order to avoid this last complication several of the unstable fractures 
were nailed in a position of deformity, with excellent functional results (Figs. 4 and 5). These 
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figures emphasize the importance of the medial cortical buttress in the assessment of stability 
and the desirability of reducing any overlap which may be present in either the antero- 
posterior or the lateral radiographs. 

Overdrive (7 cases)—If the fracture collapses into coxa vara deformity or if absorption of bone 
occurs at the fracture site the point of the nail is forced towards the hip joint, for it cannot be 
extruded as can a Smith-Petersen nail (Figs. 6 and 7). Penetration of the joint—a complication 
termed “ overdrive ’’—occurred in seven cases. The penetration was minimal in all except 
two, in one of which removal of the nail-plate was advised and refused. In the second case 
the patient’s great age and the excellent function obtained despite the penetration made a 
second operation inadvisable. Overdrive can usually be avoided if care is taken at the nailing 
operation not to place the point of the nail nearer than half an inch from the joint. 

Cutting out of the nail (1 case)—The nail should be placed centrally in the lateral view and 
below the centre line in the antero-posterior view, for the bone is denser around the calcar 
femorale and a low nail has a better hold than a high one (Figs. 8 and 9). 


Fic. 4 Fic. 5 
Figure 4—A comminuted unstable fracture in a patient aged eighty-eight years. Figure 5—The 
fracture has been nailed without correction of coxa vara deformity, and union has occurred 
without increase of deformity. 


Peritonttis (1 case)—In one case the nail had been placed too high and cut out within a few 
days of operation. A second nail was inserted at a better level but in order to hold the reduction 
while this was being done a long guide wire was thrust into the hip joint and protruded about 
a quarter of an inch into the pelvis. The point of the guide wire perforated the pelvic colon 
and the patient died ten days later from general peritonitis. Though penetration into the 
pelvis is usually considered harmless in the Smith-Petersen nailing operation—the hip being 
in medial rotation—it is seemingly unsafe when the hip is in lateral rotation, for the wire 
must emerge near the brim of the pelvis where the pelvic colon lies against the bone, 
unprotected by peritoneum. 

Wound infection (3 cases)—Mental disturbance and incontinence of faeces made the 
post-operative nursing difficult in several of the more aged patients and when they occurred 
together it was difficult to prevent the patient from removing the bandages and contaminating 
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Fic. 6 Fic. 7 
Figure 6—The nail has been placed too near the hip joint. As the fracture collapsed into coxa : 
vara the nail was forced further into the neck and penetrated the hip joint (Fig. 7). i fs 


Fic. 8 Fic. 9 
A well-placed nail-plate. The nail is below the centre of the neck and does not lie too near the 
joint in the first radiograph (Fig. 8). The final radiograph shows how the nail has penetrated 
further into the head (Fig. 9). 
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the wound. The wounds were sealed off as much as possible and covered with a large wool 
and domette spica. In spite of this three cases of wound infection occurred: in one the infection 
was superficial and in two a haematoma became infected. There were no cases of deep 
infection involving the bone. 

Pressure sores (5 cases)—In two cases there were large pressure sores over the sacrum. In one 
of these the sore had been present before operation in a patient who had been bedridden for 
two years; in the other the fracture was complicated by diabetes, incontinence and mental 
instability: both patients died. Three other patients developed small temporary sacral sores. 
Peroneal nerve palsy (1 case)—One patient had a complete peroneal nerve palsy on admission, 
which showed no evidence of recovery. It is difficult to account for the occasional occurrence 
of this complication, for the usual explanation of traction paralysis or pressure from a splint 
can hardly be applied where immediate internal fixation has been carried out. 

Gangrene of leg (1 case)—One patient, aged eighty-three years, developed gangrene of the foot 
two weeks after operation. Above-knee amputation was performed but he died two days later 
from auricular fibrillation. When the limb was examined a dissecting aneurysm of an 
atheromatous popliteal artery was found. This had presumably been brought on by pressure 
of the limb in bed and would probably have occurred however the fracture had been treated. 
Pneumonia (2 cases)—Only two patients developed pneumonia, one before operation and one 
after operation. Both patients recovered. 

Pulmonary embolism—One patient died from a pulmonary embolus. 

Associated diseases—There were many patients with associated medical conditions 
complicating treatment. Senility, chronic bronchitis and osteoarthritis were common: other 
conditions encountered were auricular fibrillation (six cases); diabetes (three cases); 
parkinsonism (two cases); pneumonia (two cases); hemiplegia, spastic diplegia, encephalitis, 
pernicious anaemia, silicosis and alcoholic mental deterioration (one case each). 


DISCUSSION 

The advantages claimed for operative treatment may be summarised under four headings: 
1) lowered mortality; 2) improved function; 3) economy of beds; 4) greater comfort and 
mobility of the patient. 

The question of mortality is the crux of the argument in any discussion on the relative 
merits of conservative and operative treatment, as Murray and Frew (1949) have pointed out. 
A review of the literature shows a considerable variation in the mortality figures (Table VI) 
and it is often difficult to sort out significant details. No figure can be considered valid if 
it is taken from a selected series. Some authors who have presented series treated by operation 
admit that their cases have been selected. On the conservative side it is supposed that no 
selection was made, but it is doubtful if this was always so. In our earlier series of 101 cases 
treated conservatively a comparatively low mortality figure of 15 per cent was recorded, but 
the average age was only sixty-two years. On further investigation it was found that a 
significant number of patients seen during the period were not admitted and that the average 
age of this group was high (seventy-seven years). Murray and Frew reported an even lower 
mortality (10 per cent) but again the average age of their cases was only sixty-two years. 
If one considers only the series treated conservatively in which the average age was over 
seventy years, the mortality figures are much higher; they are so high in fact that there are 
many who doubt their significance, but it should be remembered that they are from 
institutions which must admit every patient seen in the casualty department. Furthermore, 
there is in Great Britain an unconscious selection of patients by the general practitioner, 
for he has several types of institution to which he may send his patients and he may well vary 
his choice according to their age and general condition. 

The evidence in support of the claim for a lowered mortality among patients treated by 
operation is overwhelming (Table VII). In only one reported series treated conservatively 
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TABLE VI 
TROCHANTERIC FRACTURES OF THE FEMUR 
A Summary of Mortality Rates reported in the Literature 


Mortality (per cent) 


Number Average 
Author Prose age Conservative Operative 
treatment treatment 
Leydig and Brookes (1940) 302 ty 
“Bartels (19902) | 70 25 
‘Siler and Caldwell (1940) | 103 — | 304 
Cleveland et al. (1947) 12-6 


Harmon (1945) 45 ; tel 
Taylor et al. (1944) = 21-6 
O’Brien et al. (1946) 103 70-6 21-4 
Morris (1941) 28 77 21-4 
Aronsson (1947) 30 10 

Murray and Frew (1949) 100 62-5 10 - 
Evans (1949) 110 74:3 10-9 


Mean mortality rate 


Conservative treatment (1395 cases with 428 deaths) . . 30-7 per cent 


Operative treatment (564 cases with 95 deaths) . : - 16-8 per cent 


TABLE VII 
TROCHANTERIC FRACTURES OF THE FEMUR 
A Comparison of Three Methods of Treatment 


Number Average Average , 
Method of treatment of age time in oe 
cases (years) hospital per 
No beds available; discharged 
home (1945—47) 25 77 44 
Conservative treatment: 
Birmingham Accident Hospital 
(1941-48) ; 101 62-2 15 weeks 15 
Operative treatment: Capener 
nail-plate (1948-49) 110 74:3 4-9 weeks 10-9 
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202 E. MERVYN EVANS 
has the mortality figure approached 10 per cent and in that series the average age was 
twelve years less than in our series treated by operation. 

The claim for improved function is difficult to prove, taking into account the many 
complicating factors present, but our own impression from a comparison of two groups of 
cases of approximately equal numbers is that function is restored more quickly and more 
completely after internal fixation. 

The question of economy of beds is a vexed one. It would clearly be ethically wrong 
to make such a consideration a deciding factor in our choice of treatment, but it is surely 
permissible to allow this aspect of the problem to add weight to other and more important 
advantages claimed for operation. Because of the great shortage of beds, especially for the 
aged, any method of treatment which cuts down the length of stay in hospital increases the 
number of patients who may be treated. Thus the reduction in the time spent in hospital 
from fifteen weeks (conservative treatment) to five weeks (operative treatment) is a very 
real advantage. 

Perhaps the most impressive argument in favour of operation is that internal fixation 
increases the comfort and mobility of the patient. Old people do not tolerate prolonged 
traction well, and the trochanteric fracture is a much more painful injury than fracture 
of the femoral neck. After fixation the pain around the fracture site is relieved at once and 
within a few hours of the operation the patient can move the hip and knee freely. He is up 
in a chair on the following day and within a few days is taught to walk with crutches. When 
the fracture is stable he may bear weight on the affected limb. The emphasis is always on 
early recovery of function, and, instead of the prospect of prolonged recumbency in hospital, 
the patient is given the hope of an early return home. 

A further factor that must be considered is the question of complications. The fact that 
operative fixation of these fractures is attended by the risk of complications peculiar to the 
operation has been used as an argument against the method. The argument is weakened by 
the fact that the incidence of some complications common under a conservative régime is 
decreased by the mobility which internal fixation allows. Pneumonia, which Murray and 
Frew (1949) stated to be the cause of most deaths after trochanteric fractures, occurred only 
twice in our series, once before and once after operation, and in neither case caused death. 
Many of the complications peculiar to nailing—such as bending or breaking of the nail—are 
of academic interest only, because they occur late and do not affect adversely the final function. 
The importance of operative complications will be given its proper emphasis only when 
considered in conjunction with the great advantages to be gained by operation. 

One other factor may be of importance: serious complications requiring active treatment 
will be seen from time to time in patients of this age group whatever the treatment adopted, 
and the mobility permitted after internal fixation may be of great value. One patient aged 
eighty-three years developed large gut obstruction due to diverticulitis a few days after 
nail-plate fixation of her fracture. Transverse colostomy was performed and pus was found 
in the peritoneum. A pelvic abscess followed and was drained per rectum. From all this 
she made a perfect recovery, and when seen seventeen months later was in excellent health. 


INDICATIONS FOR OPERATIVE TREATMENT AND REFINEMENTS OF TECHNIQUE 


Certain points in the management of these cases are of the greatest importance if the 
best results are to be expected after operative fixation. In the first place the operation should 
be considered an emergency. Old patients tolerate pain badly, and quickly develop pulmonary 
or mental complications. The best time to nail a trochanteric fracture is on the day of the 
accident or on the following day, and where facilities are such that operation cannot be 
performed early it is probably better not done as a routine. The standards of nursing and 
rehabilitation available are important; the early post-operative management of these cases 
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is often difficult, and the need for encouragement in early movement and walking often 
taxes the ingenuity of the physiotherapist to the utmost. 

The age and general condition of the patient have not affected the decision to operate. 
We believe that the older and more decrepit the patient the more urgent is the need for 
operation, for it is in these cases that speed in the relief of pain and the provision of early 
mobility is vital. Two minor details have in our opinion contributed greatly to the low 
mortality: 1) One or two pints of blood have been given intravenously during the operation 
as a routine, the patient being grouped and the blood cross-matched on admission. Loss of 
blood is usually slight, but in the aged there is frequently a deficiency of protein, and the 
administration of blood has proved of great value in improving the general condition. We 
have not encountered the severe fall in blood pressure occasionally reported during such 
operations in the aged, and have the impression that the administration of blood has prevented 
this complication. 2) Much use has been made of tracheo-bronchial suction. Most of the older 
patients suffered from chronic bronchitis, and the removal of the bronchial secretions at the 
end of operation, together with the routine administration of penicillin in the post-operative 
period, seemed to decrease the incidence of pulmonary complications. The method used was 
as follows: anaesthesia was induced by penthothal after omnopon premedication, and the 
anaesthetic continued with gas and oxygen. When suction was required an endotracheal tube 
was inserted, a small rubber catheter was passed down the tube, and the secretions 
removed. The procedure was repeated in the ward under cocaine spray anaesthesia when 
necessary. 

The detailed technique of introduction of the Capener-Neufeld nail-plate has been 
described previously (Evans 1949). One point of importance may be re-emphasized. In 
linear fractures without displacement there is usually some soft tissue continuity across the 
fracture line: in this event the limb may be fixed to the table in neutral or medial rotation 
without consequent displacement. But in the more comminuted fractures medial rotation 
usually increases the deformity and produces angulation in the lateral view which makes 
nailing difficult. Accordingly it has been our practice to place the patient on the table with 
the limb in about 20 degrees lateral rotation, and, if reduction is not thus obtained, to 
continue lateral rotation until the position is satisfactory. This technique has often greatly 
facilitated the nailing of the more difficult fractures, though occasionally the position was 
made worse and reduction was eventually achieved in neutral rotation. Sometimes a displaced 
trochanteric fragment was difficult to control; it may prove expedient to fix this to the shaft 
with a loop of wire before inserting the nail-plate. 

Perhaps the most important point of all is the realisation of how these fractures differ 
from fractures of the neck of the femur. The insertion of a Smith-Petersen nail must be a 
precise affair. Reduction of the fracture must be exact, and the length and placing of the 
nail carefully judged. Re-displacement, non-union, or avascular necrosis are some of the 
penalties of inaccuracy, and occur all too frequently even after perfect nailing. In trochanteric 
fractures, however, the nail-plate has but to hold the neck and shaft fragments together, in 
order to permit early mobility. Union is almost always rapid, and complications infrequent. 
True, the nail must not be too long, nor placed too high, but these are coarse measurements. 
The reduction must be such as to make nailing possible, but there is much latitude. The 
emphasis is on the patient and not on the fracture, for an early and swift operation and 
immediate resumption of mobility may be life-saving measures. & 


SUMMARY 


1. A series of 110 cases of trochanteric fractures treated by internal fixation with the 
Capener-Neufeld nail-plate is presented. The age incidence, mortality, complications and 
functional results are discussed in detail. 
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2. The results are compared with those of two series of cases treated conservatively: 


a) 101 cases treated conservatively in hospital; 6) 25 cases sent home by reason of shortage of 
hospital beds. 

3. From a consideration of these three series, and from study of similar series of cases 
reported in the literature, it is concluded that routine operative treatment of trochanteric 
fractures offers the advantages of lowered mortality, improved function, economy of hospital 
beds, and greater comfort and mobility of the patient. 

4. Certain points in the management of cases during the operation and in the convalescent 
period are discussed. 


I am indebted to my colleagues on the surgical staff of the Birmingham Accident Hospital for permission 
to include their cases in this review. 
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ACTINOMYCOSIS OF BONE WITH SPECIAL REFERENCE TO 
INFECTION OF THE VERTEBRAL COLUMN 


V. ZACHARY CoPpE, LONDON, ENGLAND 


Three years ago a junior Fellow of the Royal College of Surgeons asked me if actinomycosis 
ever affected bone, for (said he) he had been taught that it never did gain a foothold in that 
structure. I was surprised at the question and still more disturbed at the erroneous teaching, 
because from the earliest years of our knowledge of actinomycosis it has been well known that 
bone is not exempt from its ravages. Certainly it is rare for the bones of the extremities to 
be affected, for less than a dozen such cases are on record, but the lower jaw is quite often a 
seat of the disease and the spinal column is sufficiently frequently affected to demand that it 
should be kept in mind in diagnosing any doubtful condition of the spinal column. 

Mode of infection of the patient—In nineteen cases out of twenty, actinomycotic infection 
in human beings is due to a micro-aerophilic fungus which has never yet been found outside 
the body but has often been found lying latent in the crevices of carious teeth or in the tonsil. 


Fic. 1 
Bony swelling caused by actinomycosis in horse’s mandible. (Reproduced by courtesy of 
of Mr C. Bowdler Henry and the Editors of the Proceedings of the Royal Society of Medicine.) 


From these sites the fungus can be swallowed and traverse the alimentary canal or it can 
occasionally be inhaled or aspirated into the lungs. It cannot penetrate epithelium without 
the aid of some local traumatic or pathological lesion, but given the opportunity it can grow 
and spread widely in the connective tissues. 

Mode of infection of bone—Bony tissue reacts to the actinomycotic infection in a very 
interesting and characteristic way, differing in some respects from that in every other form of 
bony infection. Immediately round the focus of infection there is absorption of bone; beyond 
that the bone cells are stimulated to form new bone, sometimes of considerable density. ‘This 
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combination of caries and sclerosis in differing proportion gives rise to many clinical types. 
Sequestration is very uncommon. The lower jaw presents examples of every type. 
Sometimes a large bony tumour may be formed as shown in the illustration of the 
mandible of the horse affected by actinomycosis (Fig. 1). I have on two occasions operated 
upon human mandibles similarly affected in which the bone was about an inch thick and 
was traversed by a series of channels 
or sinuses in which the fungus was 
found. Sometimes (rarely) rarefaction 
predominates over sclerosis as in the 
case of a girl who had an abscess in the 
lower jaw contained in a smooth-walled 
cavity which on external pressure gave 
the sensation of egg-shell crackling. In 
one case in which a small actinomycotic 
mandibular focus burst into the sub- 
maxillary region the track of the infection 

vas shown in the radiograph by a 
small tube of newly formed bone (Fig. 
2). These mandibular illustrations are 
worthy of study, for the bony reaction 
is everywhere similar, though in the case 


al en of the spine not so easily demonstrated. 
With rare exceptions bone is 
Narrow tube of new bone along the track of infection — f . ‘ 
from a mandibular focus which caused a submandibular affected by spread from neighbouring 
(submaxillary) abscess. soft-tissue foci. The spinal column lies 


on the path of extension of several 
common foci of actinomycosis; a deep cervical phlegmon, an extending mediastinal infection, 
a retroperitoneal infiltration after perforative appendicitis or a perforated peptic ulcer may 
each or any of ther/ provide the source of spinal infection. 


VERTEBRAL ACTINOMYCOSIS 


Incidence—It is difficult to assess the incidence of actinomycotic infection of the spine. In 
1935 Meyer and Gall were able to collect forty-seven cases which had occurred since the 
disease had been recognised in 1876. Since that date fifteen cases have been recorded in the 
literature and to these can be added four cases which have come within my personal knowledge. 
Sixty-six cases in just over seventy years would lead one to think the disease very rare but 
such a conclusion must be modified by the fact that often the disease has not been diagnosed 
until a post-mortem examination has revealed its presence. Many victims may—indeed 
must—have been buried with a false diagnosis. 

Patholog y—Actinomycosis of the spine is always secondary to an infection of contiguous 
tissues. It is true that Huchzermeyer (1939) reported two cases in which he thought the 
lesion was primary in the spine, but a careful reading of his account leads one to think 
that in both cases the primary lesion was appendicular. 

The pathological results of the attack of actinomyces upon the vertebral column vary in 
extent and intensity but follow the lines we have described above. The disease may be 
limited to one vertebral body but more usually affects several vertebrae—sometimes large 
extents of the column, for the suppuration may spread under the anterior common ligament. 
The intervertebral discs are exceptionally affected. Unlike tuberculosis, actinomycosis often 
involves the adjacent pedicles and transverse processes and also the heads of the neighbouring 


ribs. 


Rarefaction and sclerosis are found in varying proportions. In the early stages and in 
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milder cases there may be merely absorption of the superficial part of the vertebral body 
and some deeper rarefaction limited by slight sclerosis. When the disease, either by continuous 
extension or by vascular embolism, involves the whole vertebral body the picture is 
characteristic. The vertebra is riddled by a network of suppurating channels which are 
bounded by bone of increased density—a sort of honeycomb effect which shows up like 
lattice-work on a radiograph. When the disease is progressing rarefaction is more prominent, 
but as improvement takes place sclerosis dominates the picture, so that repeated and regular 
radiographs will tell the surgeon the effect of his treatment. In the case recorded by Cseh (1936) 
interesting histological evidence was provided to show the simultaneous processes of bone 
formation and bone absorption. The same stimulus to bone formation may lead to the 
formation of osteophytic outgrowths on the transverse processes and heads of the ribs. 

Because of the formation of the dense trabeculae it is uncommon for the vertebral body 

to collapse; but in severe cases this may happen, and in one case (Dixon 1939) led to a 
remarkable mobility of the spinal column. 
Symptoms— As spinal actinomycosis is secondary to infection of a neighbouring part, the 
initial symptoms are those of the primary lesion—cervical, thoracic or abdominal. In the 
neck it may result from a retropharyngeal abscess or suppuration lower down, in the thorax 
from an emypema or mediastinal suppuration, in the abdomen from perforation of an 
inflamed appendix. 

The symptoms referable to involvement of the spinal column are very varied and 
inconstant. There may be pain in and tenderness over the involved part of the spine, and 
sometimes the pain may radiate along the outcoming nerves and even simulate a gastric 
crisis of tabes dorsalis. There may be rigidity and limitation of movement of the affected 
part of the spine but this is not constant and occasionally there may be increased mobility. 
Kyphosis is rare. 

The nervous system may be affected. In one case the disease was ushered in with 
symptoms simulating cerebro-spinal meningitis. In another case there was bilateral weakness 
of the arms, forearms and hands. In two cases convulsions occurred and in one of these 
autopsy showed no cerebral lesion to account for the convulsions. 

The general symptoms are important. There are usually serious loss of weight, irregular 
fever, secondary anaemia and a moderate leucocytosis, all pointing to an active infective 
process. Frequently there are sinuses, from the operative or spontaneous opening of abscesses. 
Diagnosis—The only certain method of diagnosis is to find the actinomycotic organism in 
the pus from the affected part. Till then diagnosis is a matter of conjecture, though, if the 
possibility be considered, earlier diagnosis can often be made with probability. The 
radiographic appearances may be very helpful though one can hardly go so far as 
Huchzermeyer (1939) and say that they by themselves may be diagnostic. It is incumbent 
on all surgeons opening abscesses in the neck, back or loin to insist on having the pus 
examined carefully for the actinomyces. 

Differential diagnosis—The conditions for which actinomycosis of the vertebrae has been 
mistaken are many and include tabes dorsalis, bilateral pulmonary tuberculosis, tuberculous 
caries of the spine, tuberculous glands in the mediastinum and carcinoma of the lung. It 
must also be distinguished from septic osteomyelitis of the spine and from chronic lesions 
such as osteitis deformans. From the orthopaedic point of view spinal actinomycosis must 
be considered when diagnosing any subacute or chronic spinal condition. Actinomycosis can 
generally be distinguished from tuberculosis of the spine by these facts: the intervertebral 
discs are usually spared; transverse processes and heads of the neighbouring ribs are often 
attacked; collapse of a vertebral body and kyphosis are uncommon; sclerosis is generally 
mingled with rarefaction and a radiograph may reveal the lattice pattern. In _ both 
actinomycosis and tuberculosis large abscesses may lie near the column, but, whereas the 
tuberculous abscess travels outward from the vertebra and follows definite routes along the 
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psoas or backwards along the ribs, the actinomycotic abscess which travels from the adjacent 
tissues to attack the vertebral column has no definite pointing place though it usually comes 
to the surface posteriorly. 

Septic osteomyelitis of the spine has a more acute onset and may give rise to the formation 
of sequestra—an occurrence almost unknown in spinal actinomycosis. Rarefaction of the 
bodies is also seen in osteitis deformans and in fibrocystic disease but here there are no general 
manifestations (fever, wasting, anaemia) of chronic inflammation. Secondary growths in the 
vertebrae usually cause much greater pain, especially on movement, paraplegia is more 
common and the general symptoms of suppuration are absent. 

Prognosis—Until ten years ago the outlook for actinomycosis of the spine was almost 
hopeless, except in cases with merely superficial irritation of the bone. Treatment was of 
no avail and death took place after a time varying from a few months to two years. The 
opening of abscesses, the trial of X-ray therapy and the administration of iodine compounds 
did little to avert the issue. During the past few years, however, the antibiotic group of drugs 
and the sulphanilamide preparations have altered the prognosis and, provided abscesses be 
drained and the general bodily state maintained, there is now no reason to despair even of 
the most desperate cases. 

Treatment—It is very important to counter the depression of the bodily condition. The 
general treatment includes rest in bed, administration of haematinics, in some cases blood 
transfusion, and provision of a sufficient and easily assimilable diet. Extra milk is as important 
as in tuberculosis. It is unnecessary to give potassium iodide although the compounds of 
iodine do seem to have a slightly beneficial effect. Probably the best method of giving iodine 
is in the form of tinct. iodi. (minims 5 t.d.s. in milk). 

The essential treatment is the administration of one of the antibiotics (preferably 
penicillin) and the sulphonamides. In most cases the organism is sensitive to penicillin, and 
this drug will usually cure the patient if given in large enough doses for a sufficient time—a 
million units a day continued for at least several weeks, usually several months, and in some 
cases for a year or two (with a few intermissions). If by evil chance the infecting organism is 
not sensitive to penicillin then one can have recourse to streptomycin, chloromycetin or 
aureomycin, but with these drugs there is more risk of toxic manifestations. 

The absence of all symptoms must not be considered a signal to stop treatment. The 
fungus may lie latent and wake up again when given the opportunity. Treatment must 
therefore be continued long after the patient appears well. When, however, the radiographic 
appearances show that dense new bone has been formed over the affected part of the spine 
one may feel confident that the insidious infection has been overcome. 


PREVIOUS CASES 


The forty-seven cases published up to 1935 are summarised by Meyer and Gal] (1935). The 
fifteen cases published since then are summarised here. 


- Case i. (Cseh 1936)—Male aged forty-three, in whom the clinical diagnosis was tabes dorsalis, 


chronic emphysema and caries of a rib. Post-mortem: actinomycotic changes in the tenth and 
eleventh thoracic vertebrae; Jungs unaffected but pleura thickened ; cause of death was intercurrent 
infection with pleuritis, anterior mediastinitis, pericarditis and endocarditis. 

Case ii. (Suga 1936)—Clinical diagnosis: bilateral pulmonary tuberculosis, peritonitis and 
vertebral caries. Post-mortem: actinomycosis of cervical and thoracic vertebrae, and of lungs 
and pleurae. Actinomycotic granules were found in the bodies of the vertebrae. Was considered 
to be a primary vertebral infection from perforation of the oesophagus. 

Case iii. (Namikawa, Inagaki and Tsukada 1937)—Affection of the right lung leading to empyema, 
suppuration along the ribs reaching to the breast and also involving the lumbar vertebrae. Death 
after two years’ illness. Post-mortem: disease process had begun to destroy the lumbar vertebrae. 
Case iv. (Derra 1938)—Man aged fifty-three, agricultural Jabourer. In June 1932 painful swelling 
developed on right side of the neck; broke down spontaneously. Admitted to hospital October 18, 
1932, complaining of hoarseness and expectoration; secondary anaemia and wasting; fever. The 


THE JOURNAL OF BONE AND JOINT SURGERY 


i 
. 
4 
a 
4 


209 


ACTINOMYCOSIS OF BONE WITH SPECIAL REFERENCE TO INFECTION OF VERTEBRAL COLUMN 


right side of the neck was swollen and actinomycotic mycelium was found in the sputum. October 
22, 100 cubic centimetres sputum daily. Abscess over the clavicle opened. November 20, right 
facial paresis. This patient was treated by X-rays and by iodine. Death on November 23, 1932. 
Post-mortem: extensive actinomycotic inflammation right side of the neck; retropharyngeal 
phlegmon with numerous sinuses in posterior wall; actinomycotic caries of lower cervical and 
upper two thoracic vertebrae; recent opening in oesophagus three centimetres below larynx; 
actinomycotic thrombus right jugular vein; multiple lung abscesses. 

Case v. (Derra 1938)—Boy aged eight years. Summer 1935, immobilisation of the neck for 
suspected caries of third, fourth and seventh cervical vertebrae although radiographs were atypical ; 
lungs normal. From early 1936 till January 1937 seemingly cured. February 1937, fever and bodily 
pains ascribed to some rena] condition. April 1937, swelling of left side of chest; puncture negative. 
May 7, 1937, admitted to hospital: fever, leucocytosis and loss of weight; hard painless swelling 
over the sixth to ninth left ribs; radiographic involvement of left lower chest. May 13, 1937: 
exploration left subphrenic abscess; actinomycosis diagnosed. March 1938: death. Post-mortem: 
actinomycosis left lung 2nd pleura with numerous abscesses; actinomycotic abscess extending 
from the left pleura along vertebral column with involvement of diaphragm spleen and left kidney; 
actinomycosis of lower cervical and lower thoracic vertebrae. 

Case vi. (Huchzermeyer 1939)—Man aged thirty-three years, labourer. Town dweller. Two years’ 
pain in right renal region; three days before admission for appendicitis, rigors and colicky pain in 
bladder region; pain on pressure between right costal margin and navel; T. 38° C.; nothing to point 
to vertebral lesion; lesion of the urinary tract diagnosed. Fever and general resistance in right 
lower abdomen led to laparotomy. The appendix was retrocaecal with a thick retroperitoneal 
infiltration, although there was only chronic inflammation in the outer wall of the appendix. A 
few days after operation psoas contracture developed; exploration yielded suspicious looking pus 
but no actinomycotic granules. Later exploration revealed large abscess cavity leading up to 
caries in second lumbar vertebral body where there was an abscess the size of a cherry. ‘‘ The 
clinically sure diagnosis of actinomycosis could not be confirmed bacteriologically.”’ 


Case vii. (Huchzermeyer 1939)—Woman aged thirty-three years, manageress. In the two years 
before observation had lost 20 Ib. in weight. Two months previously on moving suddenly felt a 
tearing pain in the right groin. Examination: tenderness on pressure above the right anterior 
superior iliac spine; slight limitation of movement at right hip; leucocytosis 8,200; slight secondary 
anaemia. Radiograph suggested actinomycosis of first lumbar vertebral body; lattice appearance 
of the body; trabeculae diminished in number but hypertrophied; the anterior periosteal border 
was convex, not concave, and the lateral border was almost straight; the right transverse process 
was also affected but the cortical contour of the vertebrae was nowhere broken. Retroperitoneal 
exploration confirmed the diagnosis of actinomycosis in the first lumbar vertebral body. Treatment 
by X-ray therapy, potassium iodide and (locally) iodoform in ether led to improvement. 
Comment—Huchzermeyer thinks that the radiological appearance of actinomycosis of the vertebral 
body is pathognomonic but his case reports are not altogether satisfactory. 

Case viii (Flynn and Gillies 1938)—Man aged thirty-two, ship’s fireman. June 1935: gangrenous 
retrocaecal appendix removed; five weeks in hospital. Two weeks later right lumbar abscess 
opened. November 1935: readmitted with sinuses in right loin, loss of weight, and pain in right 
testis. December 1935: pleuritic rub left chest; radiograph showed affection of base of right lung 
but no lesion in spine; r.b.c. 3,740,000; w.b.c. 20,000; haemoglobin 62 per cent; actinomyces 
found in pus from sinus. January 1936: cough; extension of lung lesion. March 1936: pain in 
small of back; transfusion. April 1936: radiograph: compression fracture second lumbar vertebra 
with erosion of vertebral body suggestive that fracture was pathological and consistent with 
presence of actinomycosis. May 1936: lethargic; transfusion. May 23, 1936: death. Treatment 
was by X-ray therapy and by Lugol's iodine in milk. The temperature was intermittent 
throughout. Post-mortem: third thoracic to fourth lumbar vertebrae involved in actinomycosis; fj 
they were black in colour, devoid of periosteum though in places covered by ligaments, rarefied 
and friable so that the bone could be easily cut by a knife; body of the second lumbar vertebra 
particularly affected, and collapsed; intervertebral cartilages apparently not affected; arches and 
laminae of the vertebrae apparently not involved; sagittal section of the spine showed small 
abscesses in vertebral bodies from which the streptothrix actinomycosis was obtained in large 
numbers; both lungs were bound down to vertebral column and the left lung was adherent to 
the diaphragm. 

Case ix. (Dixon 1939)—Man aged twenty-seven, electrician. September 1938: lower abdominal 
pain with vomiting; after a week went to bed and later to hospital; returned to work in November. 
February 6, 1939: pain in back and right hip; a week later, incision in right loin. March, severe 
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pain in loin, back and chest; lower thoracic and upper lumbar spine rigid; left pleural effusion and 
irregular fever. Radiographs showed collapse of twelfth thoracic vertebral body. Suplhur granules 
from sinus over right ilium. April 1939, pus aspirated three times from chest; pathological mobility 
of the spine. Death on May 1, 1939. Post-mortem: appendix and caecum bound down; tip of 
appendix adherent to fascia transversalis; extensive actinomycotic infiltration of thoracic 
vertebral bodies. 

Case x. (Gamboa, Salvati and Moreno 1941)—-Boy aged nine years. November 15, 1939: 
twenty-five days’ history of pain in the neck and difficulty in moving the head. Pain worse at 
night; night sweats; T. 38-5°C. The patient was pale and ill-nourished. There was muscular 
rigidity in the cervical and upper dorsal region and pain on percussion of the lower cervical and 
upper thoracic spines. Suprascapular pain on elevation of right arm. Cervical plaster. February 
1940, supraspinous region swollen. March, discharge of pus left side of neck, filaments of fungus 
and no tubercle bacilli found. Sulphanilamide. April, worse; more sinuses; plaster removed; 
actinomycosis suspected ; Lugol's solution of iodine, 80 drops a day. July 1940, very ill; irregular 
temperature; increased upper dorsal rigidity; actinomycotic granules obtained. Under treatment 
by sulphonamide, Lugol's solution and X-ray therapy the patient’s condition improved so that by 
August 1941 all the fistulae were closed and the general condition was much better. Radiographs 
in November 1939 revealed no vertebral involvement, but enlargement of the heads of the second 
and third right ribs which contained rarefied areas with condensed borders. In June 1940 there 
were small shadows in the first and second thoracic vertebral bodies and the cervical menisci were 
invisible. In May 1941 there was definite evidence of bony repair, and in August 1941 the 
appearances were better still. Administration of sulphapyridine was continued—1l gramme daily 
for three months and 1} grammes daily for another two months. 

Comment—This is a case of apparent cure of vertebral actinomycosis but the follow-up should be 
longer for confirmation. 

Case xi. (Lubert 1944)—Negro aged twenty years, inmate of prison farm. Admitted June 26, 
1941, having lost 25 lb. in five months. T. 38-8° C., P. 130, R. 22. There was a mass 4 centimetres 
in diameter on the right side of the neck and another just to left of the sternum. Teeth good. 
Radiographs showed no pulmonary infiltration but an area of destruction of the fourth right rib 
posteriorly, and also areas of destruction in the left frontal bone. The diagnosis made was 
osteomyelitis and mediastinal lymphadenitis of tuberculous origin. Two months later, radiographs 
showed punched-out areas of destruction in the bodies, pedicles and spinous processes of the 
vertebrae in the thoracic, lumbar and sacral regions, but discs intact. X-ray treatment. December 
1941, there was now infiltration of the base of the right lung. March 20, 1942, death. Post-mortem: 
there was a large actinomycotic paravertebral phlegmon in the thoracic and lumbar regions; the 
anterior aspects of the bodies of the vertebrae showed deep abscess pockets involving at least half 
of the depths of the bodies in most instances; the lungs were involved but not the ribs. 

Case xii. (Lubert 1944)—Man aged twenty-one years, white. December 1931, eight months after 
appendicectomy, pain in the back and sinuses in the right Jower abdomen; tenderness over the 
fifth lumbar vertebra; spinal radiograph normal; teeth bad ; actinomycosis diagnosed. Deterioration 
in spite of treatment. In November 1932, emaciated and weak; legs flexed and tendon reflexes 
absent, but sensation normal ; radiograph showed multiple round translucent areas with surrounding 
sclerosis in Jumbar spine, sacrum and perhaps ilium; convulsions and death. Post-mortem: 
abdominal viscera matted together by grey fibrous tissue containing abscesses; surface of the 
lumbar vertebrae rough; many smal] abscesses surrounded by increased amount of bone with 
circumferentially arranged trabeculae; actinomycosis of left lung, liver, vertebrae, skin, 
subcutaneous and retroperitoneal tissues. 

Case xiii. ([ubert 1944)—Man aged sixty-one years. April 10, 1941, two years’ history of pain 
in the left lower chest and chronic cough; loss of weight; teeth were poor; rales posteriorly in left 
chest; left pupil was smaller than right; leucocytes 10,900. Radiographs showed a streaked 
infiltration extending outwards from the hilum of the lung, ascribed to bronchogenic carcinoma 
and treated by X-ray therapy. In November 1941, readmitted; emaciated, pain in the back, 
thick mucoid sputum; there was dorsal kyphosis and radiographs showed ninth dorsal vertebra 
almost completely collapsed; intervertebral discs not involved. Treatment was of little avail and 
he died on December 26, 1941. Post-mortem: mid-dorsal kyphosis; ninth thoracic vertebra almost 
completely replaced by a cavity filled with thick yellow fluid ; microscopic examination showed typical 
actinomyces; spinal cord at this level soft and compressed by the collapsed bone; lungs contained 
many soft-walled cavities filled with yellow creamy material; portions of the lungs were adherent 
to the chest wall, mediastinal and paravertebral tissues. 

Case xiv. (Campbell and Bradford 1948)—Man aged twenty-six years. November 1937, 
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Fic. 3 
Case 1—Actinomycotic invasion of the lower 
cervical and upper thoracic ‘dorsal’ vertebrae. 
(Reproduced by courtesy of Professor W. D. 
Newcomb, the Editors of British Surgical 
Practice, and Messrs Butterworth & Co. 
(Publishers) Ltd.) 
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appendicectomy, left lower abdominal abscess drained; actinomyces in pus. February 1993, right 
perinephric abscess drained. March 1939, right subphrenic abscess drained; right nephrectomy. 
September 1939, right ilio-lumbar abscess drained; radiographs showed absence of right psoas 
shadow; began to have epileptiform convulsions, which recurred til] death on November 9. Post- 
mortem: no evidence of peritonitis; sinuses led to abscesses adjacent to the vertebrae, eighth 
thoracic to sacrum; abscess in the body of tenth thoracic vertebra; no involvement of the meninges 
or central nervous system. 
Case xv. (Chanton, Hollis and Hargrove 1948)—-Woman aged thirty years. June 1946, fever and 
pain in the back. September 1946, left renal region explored with negative result. Two weeks later 
a fluctuant mass developed in the left posterior aspect of the chest; incision, but no pus obtained 
though later pus escaped. November, high fever and delirium; sinus in left paravertebral region 
draining pus (level of tenth and eleventh ribs) ; radiograph of thoracic vertebrae showed destruction 
of the left lateral border of the eighth thoracic vertebra and erosion of the vertebral ends of the 
eighth and ninth ribs; diagnosis of actinomycosis established; spine immobilised, and penicillin 
and sulphadiazine begun (over thirty-two million units of penicillin given). Fever subsided in 
six weeks, and in April 1947 radiographs showed advanced healing. The patient was well eight 
months later. 
NEW CASES 

Notes are given here of three previously unreported cases; Mr M. S. Brett reports a 
further case on page 215, bringing the total number now recorded to sixty-six. 
Case 1. (Museum of St Mary’s Hospital)—W. B., aged forty-two years. Admitted on 
December 28, 1938, complaining of stabbing pain in the back of two weeks’ duration. There 
had also been vomiting. Radiography revealed a mass in the superior mediastinum which 
was thought to be of lymph-node origin. There were no clinical signs of tumour. A course 
of X-ray therapy was not completed because the radiologist considered that the mass was 
increasing. Later, signs of lung involvement developed and a hard enlarged gland appeared 
on the right side of the neck. A swelling also appeared on the back about the level of the 
mid-thoracic spine. Paraplegia developed on April 1, 1939, and death occurred five days later. 
At autopsy the right clavicle, the first rib, the lower cervical and upper thoracic vertebrae 
(Fig. 3) and the organs of the upper mediastinum were invaded by actinomycosis. A large 
abscess cavity over the lower cervical and upper thoracic vertebral bodies extended out on 
both sides and contained an enormous quantity of pus with sulphur granules. 
Case 2. (Mr Nils Eckhoff)—L. B., a man, seen at Lewisham Hospital in 1941 with a pharyngeal 
swelling and complaint of pain in and limitation of movement of the cervical spine. The pain 
radiated down the arms. Both arms were weak and there was wasting of the scapular muscles, 
the triceps, the biceps and the muscles of the forearm and hand on both sides. The abscess 
burst in the neck and the actinomyces were found in the pus. The radiographs showed erosion 
of the anterior part of the bodies of the fifth and sixth cervical vertebrae. (Nothing more is 
known of this patient because all the records were destroyed during a London air-raid.) 
Case 3. (Mr Gordon Ungley)—R. W. C., greengrocer, aged forty-four years. August 1948, 
multiple extraction of teeth, both jaws. October 1948, in hospital under physician for 
paraesthesia in legs, generalised weakness and depression. Radiograph of neck normal. 
Lumbar puncture: fluid normal except cell count with 99 per cent lymphocytes. Lymphocytic 
meningitis diagnosed. November 1948, acute abscess of left supraclavicular fossa. December 
1948, abscess opened; thick yellow pus; the cavity extended towards front of lower cervical 
vertebrae, but no bare bone found. Culture: staphylococcus saprophyticus and diphtheroids; 
no tubercle bacilli. Radiograph (Fig. 4) showed slight changes in body of C.6 and very large 
prevertebral abscess. Diagnosis of osteitis of vertebra C.6. January 1949, subacute abscess, 
right side of back of neck. Opened; foul smelling pus; cavity towards spine, but not 
communicating with other cavity; no bare bone. Culture: a few colonies of staphylococcus 
saphrophyticus; no tubercle bacilli or actinomyces. Guinea-pig inoculation negative. 
Radiograph (Fig. 5) showed prevertebral abscess smaller than a month before. White blood 
count: leucocytosis 15,400. March 1949, cervical pain worse and severe scapular pain passing 
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ACTINOMYCOSIS OF BONE WITH SPECIAL REFERENCE TO INFECTION OF VERTEBRAL COLUMN 


Fic. 5 Fic. 6 
Case 3—Actinomycotic involvement of the fifth and sixth cervical vertebrae. Figure 4—Retropharyngeal 
abscess with rarefaction of fifth and sixth vertebral bodies. Figure 5—Six weeks later: abscess much 
smaller. Figure 6—Eight months later still: bony repair. 
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through chest to sternum. Half a million units penicillin twice daily, without improvement. 
May 1949, shingles in T. and T.2 distribution. Drainage of foul pus from acute abscess of 
left side of base of neck. Cultures: aerobic and anaerobic, sterile; no actinomyces. White 
blood count 12,000 (83 per cent polymorphs). Haemoglobin: 24 per cent. Urine contained 
blood, granular casts and albumen. Treatment: multiple transfusions, penicillin and 
streptomycin. Very great improvement. August 1949, recurrence of pain and polymorpho- 
nuclear leucocytosis (w.b.c. 26,000) without further radiological changes in neck and none in 
thoracic spine. September 1949, left interscapular abscess drained; no communication with 
other abscesses; no bare bone. Penicillin 250,000 units six-hourly and streptomycin } gramme 
six-hourly. Actinomyces found in film and culture for the first time. Radiograph (Fig. 6) 
showed little or no prevertebral abscess. Treatment: penicillin half a million units twice 
daily (total 66 million units), sulphadiazine 2 grammes six-hourly (total 36 grammes), 
streptomycin $ to 14 grammes six-hourly (total 108 grammes), Lugol’s iodine in milk, 
10 mimims thrice daily (total 990 minims). August 1950, completely recovered. 


SUMMARY 
1. The pathology of actinomycosis is briefly summarised, especially its method of invading 
bone by direct spread. 

2. The manifestations, diagnosis and treatment of spinal involvement are considered. 

3. The literature is brought up to date with a) a summary of fifteen cases published since 
the last collected series (forty-seven cases), and 6) notes of three cases previously unreported, 
making, with the case reported on page 215 by Mr Brett, sixty-six cases in the literature. 
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ADVANCED ACTINOMYCOSIS OF THE SPINE TREATED WITH 
PENICILLIN AND STREPTOMYCIN 


Report of a Case 


M. S. Brett, Lonpon, ENGLAND 


From St Mary’s Hospital, London 


Actinomycosis seldom involves the vertebral column. Only four out of 670 patients with 
actinomycosis reviewed by Sanford and Voelker (1925) had rib or vertebral involvement. It 
is clear that in the past the diagnosis has been difficult and that the condition has often been 
mistaken for Pott’s disease. Among the reports of sixty cases of mycosis of the vertebral 
column Meyer and Gall (1935) found only nine diagnosed correctly before death. The 
mortality rate was at least 90 per cent. 

This case is placed on record because the vertebral column was mainly affected and 
because of the remarkable response to treatment with penicillin. 


CASE REPORT 


W. McN., aged forty-two years. Carpenter and part-time fisherman. 
History—In 1944 he noticed the gradual onset of a continuous dull aching pain in the right 
shoulder, which did not prevent him from continuing his work. Six months later a swelling 
appeared at the back of the right shoulder and increased rapidly in size. He had generalised 
backache and shortness of breath on exercise. A chronic abscess between the shoulders was 
treated at the local hospital by drainage and a short course of penicillin (total one and a half 
million units). Examination of pus on many occasions failed to reveal any specific infection. 
Radiographs at that time showed evidence of infective changes in the bodies of the third and 
fourth thoracic vertebrae. There was an opacity in the right upper zone caused by either a 
paravertebral abscess or a superficial abscess in the soft tissues of the back. During the next 
two years he attended hospital at intervals and carried on with work whenever possible. 
Fresh abscesses appeared at the back of the neck and in the lumbar region and required 
incision and drainage on several occasions. He suffered from as many as eight discharging 
sinuses at a time. Lassitude, loss of weight, and a slowly developing kyphosis were also : 
noticed, without cough or any other symptoms. 

From January to March 1948 he was again in hospital and, although actinomycosis was 
suspected, no proof was obtaizied from repeated examinations of the pus. After two short 
courses of penicillin (total three million and five million units) and a course of 10 per cent 
iodine solution the sinuses almost healed. A lipiodol sinogram at this time showed an extensive 
abscess cavity communicating with the sinuses. He was able to return to work but complained 
of flatulence and increasing shortness of breath on exertion. 

In May 1949 he noticed swelling of his ankles and difficulty in walking because of stiffness 
and pain in the left hip. He also had intermittent diarrhoea and some increased frequency of 
micturition. He was admitted to St Mary’s Hospital under the care of Mr A. Dickson Wright. 
Clinical examination—Extremely ill; very pale, with puffy features. Temperature and pulse 
normal. Weight 9 st. 2 Ib. (128 lb.). There was generalised oedema, particularly in the legs 
and scrotum. He walked with a limp, and was unable to stand erect because of flexion 
deformity of the left hip (Fig. 1). On the back, the left side of the neck, and the right side of 
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the chest, there were many sinuses lined by bluish granulations, and many scars at the sites 
of healed sinuses (Fig. 2). The left hip was held in 80 degrees of fixed flexion. There was 
marked restriction of hip movements because of pain. The spine showed marked thoracic 
kyphosis and some lumbar rigidity. The abdomen was distended with ascites. The liver and 


spleen were not palpable. 

Radiographs of the spine (Figs. 3 and 4) showed irregular destructive changes in all the vertebral 
bodies from T.4 to L.1. There was also evidence of new bone formation, most marked on the 
adjacent surfaces of the vertebral bodies. The intervening disc spaces were slightly narrowed. 
There was a cavity in the upper posterior part of the body of the first lumbar vertebra. 
Lipiodol sinograms did ~ot reveal any communication between the sinuses on the back and 
the spinal column. Int*avenous pyelogram showed no abnormality of the kidneys. 
Bacteriological examination—Culture of the watery exudate from the sinuses was negative. 


Fic. 1 Fic. 2 
Condition before intensive penicillin therapy was begun. Note, in 
Figure 1, the marked flexion deformity of the left hip and widespread 
oedema; and in Figure 2, the numerous discharging sinuses. 


Pus obtained from a fresh abscess was found to contain “ sulphur granules,’’ and colonies of 
actinomyces were seen during direct examination with the microscope. The organism was 
grown from the pus by anaerobic culture. It was extremely sensitive in vitro to penicillin 
and to streptomycin (Figs. 7 and 8); growth was inhibited in anaerobic culture by 0-06 units 
per cubic centimetre of penicillin and 10 ,g. per cubic centimetre of streptomycin. 
Treatment and progress—Penicillin was given in doses of half a million units twice 
daily by intramuscular injection, a total of 140 million units being given in twenty weeks. 
A low-salt and high-protein diet was given, and two pints of blood were transfused. 

After two weeks’ treatment the pain in the back had completely disappeared—for the 
first time in four years. There was a full range of painless movement of the left hip without 
evidence of any spasm of the psoas muscle. The sinuses on the back were either healed or 
covered by crusts. But there were still ascites and extensive oedema. After nine weeks’ 
treatment the oedema was confined to the ankles, and the sinuses were soundly healed (Fig. 9). 
There was no change in the kyphosis, but the lower spine moved almost fully and without pain. 
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Fic. 3 Fic. 4 
Radiographs of the spine before intensive penicillin therapy was begun. Note, in 
Figure 4, the small cavity in the body of the first lumbar vertebra, and the destruction 
of the intervertebral disc between the tenth and eleventh thoracic vertebrae. 


Fic. 5 Fic. 6 
Radiographic appearance six months after the completion of intensive treatment by 
penicillin and streptomycin. There is evidence of reparative change in the bone with 
increase in bone density. 
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Fic. 8 


Blood agar culture plates showing the sensitivity of anaerobic actinomyces to penicillin (Fig. 7) 


and to streptomycin (Fig. 8). 


The ‘ditch ’’ at the bottom of the plate in Figure 7 contains 


penicillin solution in a concentration of 50 units per millilitre; and in Figure 8, streptomycin 
solution in a concentration of 500 micrograms per millilitre. In each plate the streak on the left is 
staphylococcus aureus (Oxford H.). The central streaks are actinomyces. The streak on the right 
is streptococcus pyogenes (Milne). All four streaks were made right across the plate from top 


to bottom. 
anaerobically. 
sensitivity to the antibiotic. 


The plates were cultured for twenty-four hours aerobically and for seven days 
Note that growth has been inhibited near the ditch in each plate, indicating 


The actinomyces appear to be more sensitive to the antibiotics than 
the staphylococcus or the streptococcus, but this is explained by the wider diffusion of the 


TABLE I 


RESULTS OF SPECIAL INVESTIGATIONS 


antibiotic by the time the colonies of actinomyces appeared (five days). 


Investigation 
Haemoglobin 
(per cent) 


White blood 
corpuscles 
(per cu. mm.) 

Plasma proteins 
(gm. per cent) 


Albumin 
Globulin 
Blood sedimentation 
rate 
(mm. per hour) 


Urine: 


Albumin 
Casts 


Blood urea 
(mgm. per cent) 
Urea concentration 
test 
Congo red test 
(percentage absorption 
in one hour) 


June 1949 


August 1949 February 1950 August 1950 


60 80 
20,000 10,000 
4-1 4-4 


+ (0-9 gm.%) 
Many hyaline 
and granular 


26 


1-0, 1-2, 1-4% 


44 


+ (0-5 gm.) 
Many hyaline 
and granular 


45 


47 


105 


Hyaline 


2-1, 2-0, 2.4% 


29 
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Since the organism was very sensitive to streptomycin it was decided to give a three 
weeks’ course of this drug (0-5 grammes twice daily) despite the great benefit that had 
already been gained from penicillin. At the end of the course of streptomycin—that is, 
twelve weeks after the beginning of penicillin therapy—the 
patient was discharged, feeling very well. He had slight oedema 
of the ankles on exercise but returned to work as a carpenter 
six months after the beginning of intensive treatment. He 
received penicillin injections as an out-patient for a further 
period of three months from March to June 1950 (one million 
units per day; total eighty million units). He is now able to 
do a full and strenuous day’s work without symptoms. 
Radiographs one year after the beginning of treatment are 
shown in Figures 5 and 6; the repeated investigations are 
shown in Table I. 

DISCUSSION 
Mode of infection—It is generally accepted that the organism 
may enter the body by way of the digestive tract, often through 
the mucous membrane of the mouth, oesophagus or ileocaecal 
region (Cope 1938). This case is of particular interest because 
of the extensive lesion in the spine without neighbouring gross 
lesions in the thorax or abdomen. There was radiological 
evidence of a soft-tissue abscess, possibly mediastinal, at the 
clinical onset of the disease, and a study of the serial radiographs 
showed regression of this shadow with spread of the disease 
down the spine. It is probable that the organism entered the br 
mediastinum by penetrating the oesophageal wall and later therapy was begun. The 
invaded the spine by direct extension. 
Clinical picture—The symptoms presented no unusual and the oedema has subsided. 
features. They corresponded closely with those described by 
Meyer and Gall (1935), namely: persistent pain, recurrent abscess formation and mild 
deformity, followed Jater by psoas irritation, shortness of breath and oedema. The patient's 
condition had deteriorated steadily for four and a half years before the Giagnosis was 
established. 

Amyloid disease was suspected because of the presence of anasarca and heavy albuminuria, 
despite the fact that there was no palpable enlargement of the liver or spleen; it was confirmed 
by the congo red test (Table 1). It is interesting that there has been marked regression of 
the amyloid condition with great improvement in renal function and restoration of the 
albumin/globulin ratio to normal coincidentally with the disappearance of the oedema. 
There was no evidence of spinal cord involvement, described by Dixon (1939). 
Radiographic appearances—The radiographic appearances in actinomycosis of the spine 
have been well described by Lubert (1944). In this case the affected vertebrae showed a 
characteristic mottled appearance from sclerosis around the many small abscess cavities in 
the bone. The intervertebral discs between the seventh and eighth, and between the tenth 
and eleventh thoracic vertebrae appeared to have been partly destroyed. This is an unusual 
happening in actinomycosis, whereas it is frequent in tuberculosis of the spine. It has been 
recorded by Dixon (1939) and by Lubert (1944). The compact margins of the vertebrae, 
the pedicles, the laminae and the spinous processes may all be affected by direct spread of 
the disease and in this case there was radiological evidence of involvement of the ribs and 
transverse processes. Meyer and Gall (1935) stated that when infection of a vertebra takes 
place by vascular metastasis the margin of the vertebra is unaffected and cavities are formed 
in the cancellous bone of the vertebral body. It is tempting to regard the single abscess 
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cavity in the body of the first lumbar vertebra as a metastasis carried by a spinal vein rather 
than a lesion produced by direct spread of the disease from the adjacent tissues. Since the 
beginning of intensive treatment, radiographs at six-monthly intervals have provided striking 
evidence of reparative new bone formation with return towards a normal trabecular structure 
of the bone (Figs. 5 and 6). 

Treatment—There are numerous reports of the success of large doses of penicillin in the 
treatment of actinomycosis, and it is now of proved clinical value. The importance of 
continuing treatment until long after the symptoms have subsided has been stressed by 
Cope (1949). No similar case of extensive actinomycosis of bone treated with penicillin or 
streptomycin has been found on record in the literature. The sensitivity of actinomyces to 
penicillin appears to vary considerably (Sanford and Barnes 1949). It is of interest that in 
this case the organism was very sensitive in vilro both to penicillin and to streptomycin. 
It is also remarkable that the patient did not develop allergic phenomena after such large 
and prolonged doses of penicillin (220 million units in all). 

Streptomycin—There have been recent reports of the value of streptomycin in the treatment 
of actinomycosis but only two have concerned bony lesions—in the jaw and in a cervical 
vertebra (Costigan 1947, Torrens and Wood 1949). In this case the clinical response to 
treatment by penicillin was remarkable, but the sensitivity of the organism to streptomycin 
in vitro suggests that streptomycin alone would also have brought about a very great 


improvement. 
Prognosis—It is not possible to regard this patient as cured, but it is certain that a very 
advanced actinomycotic disease process has been, at least temporarily, arrested, and the 
' patient has been changed from a chronic invalid to a normal individual who is able to do a 
strenuous day’s work without symptoms. Watch must be kept for signs of reactivity so that 
immediate treatment may be given if the need should arise.* 


SUMMARY 
A case of extensive spinal actinomycosis, undiagnosed for nearly five years, responded 
dramatically to large doses of penicillin, which was later supplemented by streptomycin. 


* Since this report was sent to press this patient has been readmitted (April 6, 1951) with a fresh abscess 
on his back, slight generalised oedema and early renal failure, for which he is receiving energetic treatment. 


I am grateful to Mr A. Dickson Wright for his help and criticism, and for permission to publish this case. 
I am also indebted to Mr V. Zachary Cope for his interest, to Dr E. Rohan Williams for his help with the 
radiographs, to Dr G. W. S. Andrews for carrying out the sensitivity tests, and to Dr P. N. Cardew for 
the clinical photographs. This patient was shown at a meeting of the Clinical Section of the Royal Society 
of Medicine in February 1950. 
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INFECTION OF WOUNDS WITH ACTINOMYCES 


C. H. CuLLEN and M. E. SHARP, LANCASHIRE, ENGLAND 
Formerly of the Emergency Medical Service Hospital, Winwick, Warrington 


Actinomycosis is now so widely known as a pathological entity that the presentation of 
another series of cases should be justified by at least some unusual feature of the syndrome 
or a contribution to the treatment of this difficult disease. The fact that over 80 per cent of 
cases in humans occur in the gastro-intestinal or respiratory system (Boyd 1943) is strong 
evidence in favour of infection through the mouth and digestive tract. The mode of entry is 
still obscure, but it seems probable that infection takes place through an abrasion in the 
mucosa. 

The group of cases to be described presents an unusual feature, in that the streptothrix 
gained entrance through a known wound and in five patients there was evidence of involvement 
of bone (Table I). One other patient was infected at the site of a hypodermic injection. Bone 


TABLE I 


ANALYSIS OF SIx CASES OF WoUND INFECTION WITH ACTINOMYCES 


involvement is common in the spine where the lesion is frequently a direct extension from a 
focus in the lung or paravertebral glands. These lesions have been well described by Cope 
(1938), Tubb and Tucker (1933), Holmes and Ruggles (1936) and Dixon (1939). Primary 
infection from a human bite has been described by Cope (1915), McWilliams (1917), Robinson 
(1944), and Burrows (1945). 


CASE REPORTS 


Case 1—W. D., male aged twenty-eight vears. In 1944 he sustained a mortar bomb wound of 
the left buttock. There was considerable laceration of soft parts and a comminuted fracture of 
the subtrochanteric region of the femur. Tveatment—Toilet of wound; packing with vaseline gauze; 
plaster spica. He was given two pints of plasma. Sulphathiazole (174 grammes) and penicillin 
(700,000 units) were administered during the succeeding week. Progress—Two weeks later there 
was pyrexia to 101 degrees F. Inspection of the wound under anaesthesia revealed a sinus leading 
down to the fracture and much purulent discharge. There was no gross local oedema or redness. 
The sinus was opened up and repacked, and a new plaster spica was applied. A further course of 
penicillin was given (400,000 units). One month later there was recurrence of pyrexia. The sinus 
was still discharging. The wound was reopened, several sequestra were removed and the plaster was 
renewed. The pyrexia subsided after four days’ treatment with suplhanilamide (1 gramme every 
four hours). Four months after injury the fracture was united, but the sinus over the greater 
trochanter continued to discharge. Six months after injury the cavity was laid widely open under 
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Case Age Type of Site of Location at time 
number wound injury of injury 
1 28 Mortar bomb Hip joint és NW. Europe 
2 . 27 Mortar bomb Hip joint North Africa 
3 50  HLE, shell Hip joint | N.W. Europe 
“4 Bullet’ N.W. Europe 
27. ‘Mortar bomb —_Lower chest Italy 
Hypodermic needle ‘Left arm India - 
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222 C. H. CULLEN AND M. E. SHARP 
general anaesthetic through a transverse incision. Severa] sequestra were removed. Actinomyces, 
demonstrated in the pus, sensitive to penicillin. In spite of surgical drainage, sulphonamide 
and penicillin, the sinus continued to discharge. 

Bacteriological examination—Direct examination of the pus, two months after injury, showed 
streptococci, staphylococci, a few dipthheroids and doubtful hyphae of actinomyces. Aerobic 
cultures grew pyocaneus and spore-bearing bacilli. Anaerobic cultures grew diphtheroid bacilli. 
Four months later hyphae of actinomyces were seen on direct examination and aerobic cultures 
produced a colony of actinomyces after four days’ growth. Six months later hyphae of actinomyces 
were stil] present on direct examination, but culture grew bacillus coli only. 

Case 2—C. R., male aged twenty-seven years. In 1943 he sustained a mortar bomb wound of the 
right buttock with open fracture of the neck of the femur and complete sciatic palsy. Treatment— 
Primary excision of wound. Wound packed and hip spica applied. He developed an inguinal abscess 
which was drained by anterior incision. Progress—Three months after injury his genera] condition 
was fair. Pyrexia up to 101 degrees F. 
persisted. Examination showed a large 
abscess in front of the hip joint which 
was drained through an anterior incision. 
Several sequestra were removed and the 
limb was immobilised on a frame. A 
month Jater the pyrexia stil] persisted. 
A further large abscess under the gluteal 
muscles was drained through a posterior 
incision and several further sequestra 
were removed. Gradual improvement in 
general health continued. During the 
subsequent year the wounds healed 
slowly and the patient was allowed to 
get about with a cork raise on his sole 
(Fig. 1). The sinuses broke down after 
nine weeks and continue to discharge, in 
spite of several courses of sulphanilamide 
and penicillin (one million units). 
Bacteriological examination—Direct ex- 
amination of the pus four months after 
the injury showed streptococci and a 
few diphtheroid bacilli. Aerobic culture 
was sterile; anaerobic culture showed 
streptococci and coliform bacilli. Six 
months later direct examination showed 
many acid-fast bacilli; coliforms, and 


staphylococci. Twelve months later 
. (twenty-two months after injury) acid- 
hiv fast actinomyces were seen on direct 
Case 2—Sinogram showing condition of hip fifteen months examination, and were stil] present four 
after injury. 
months later. 


In 1944 he sustained a shel] wound of 


Case 3—M. S., German prisoner-of-war aged fifty years. 
Treatment—Primary wound 


right hip with compound fracture neck of femur and sciatic palsy. 
excision. Wound packed and limb immobilised in ‘“‘ Tobruk ”’ plaster. He was given 150,000 units 
of penicillin in two days. Progress—During the succeeding three months several abscesses around 
the hip were incised and drained. Local penicillin instillations (5,000 units twice daily) were given. 
Six months later there was high swinging temperature to 102 degrees F. General condition was 
very poor; extensive pressure sores were present over sacrum and buttocks and he was incontinent 
of urine and faeces. There was profuse discharge from sinuses in front of and behind the right hip. 
Further courses of penicillin (100,000 units daily were given (total 1,200,000 units). Much general 
improvement followed. Two months later his general condition again became worse. Pyrexia 
persisted and there was much purulent discharge from the wound. The hip joint was laid open 
by reflecting the gluteal insertion. The posterior capsule was excised. The head of the femur was 
dead and was removed. Counter-drainage was effected in front of the joint. The wounds were 
packed open and plaster applied. A further course of penicillin (total 900,000 units) was given. 
Discharge around the pack continued. Two months later the wound was cleaner but purulent 


discharge continued. 
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Bacteriological examination—Direct examination of the pus eight months after injury showed large 
numbers of streptococci and hyphae of actinomyces. Anaerobic culture grew actinomyces. Four 
months Jater no actinomyces were seen on direct examination and culture grew only coliform 
bacilli, diphtheroids and streptococci. 

Case 4—R. D., male aged nineteen years. In 1945 he sustained a through-and-through bullet 
wound involving the inferior angle of the left scapula, complicated by pneumohaemorthorax and 
paraplegia below the level of T.8. Treatment was by primary wound excision and closure. 
Penicillin (1,400,000 units) was given. Progress—Four weeks later both anterior and posterior 
wounds of chest were healed. There were high pyrexia, multiple bed sores, and urinary infection. 
He developed a large abscess over the right scapula, and another over the left elbow. Both were 
incised. Actinomyces were isolated from the pus from the elbow. A further course of penicillin 
(1,000,000 units) was given. The infection subsided in ten days. Wounds healed within three 
weeks and have remained healed since. 

Bacteriological examination—Direct examination of the pus showed hyphae of actinomyces. 
Colonies of actinomyces were grown after five days’ aerobic culture. 

Case 5—G. G., male aged twenty-seven years. In 1942, while overseas, he sustained multiple 
shell wounds of head, with hemiplegia and a penetrating wound of the right lower chest. He came 
under the care of the writer when he 
returned to Britain ten months later. His 
general condition was poor. There was 
pyrexia up to 102 degrees F. There was 
a discharging sinus in the mid-axillary 
line on the right side. Radiographs of 
the chest showed pleural thickening 
and erosion of the twelfth rib (Fig. 2). 
Treatment—The sinus was explored. The 
twelfth rib was friable and there was a 
mass of soft granulations deep to it. 
Rib excised; no localised abscess found; 
wound packed open. Progress — Five 
months later the sinus was still discharg- 
ing profusely. Examination of the pus 
showed a streptothrix, spores and 
hyphae. Repeated courses of potassium 
iodide (40 grammes three times daily), 
and of sulphathiazole (1 gramme four 
hourly) were given, but there was no 
improvement. A course of deep X-ray 
therapy was given without effect. Six Fic. 2 

months later (twenty-three months after | Case 5—Radiograph of chest showing erosion of ribs and 
injury) there was persistent pyrexia new bone formation. 

and profuse purulent discharge. 
Bacteriological culture grew actinomyces bovis (Hartz) anaerobically. Systemic penicillin 
(1,100,000 units) was administered by continuous drip. The sinus healed within two weeks and 
the pyrexia settled. A further course of penicillin was given and the sinus has remained healed. 
Case 6—M. H., male aged forty years. This patient was seen with an indolent swelling over the 
outer aspect of the middle third of the arm. He stated that he had had an injection at this site six 
months previously in India. The swelling later became fluctuant and a pure growth of acid-fast 
actinomyces was cultured aerobically from aspirated pus in thirty-six hours. The organism was 
resistant to penicillin. 


Comment—tThere is little in the clinical syndrome to distinguish this type of infection from 
the more general mixed infections complicating open fractures. The following points make 
one suspicious: 1) Profuse discharge without demonstrable sequestra or foreign bodies; 
2) thin, non-clotting pus; 3) multiple frequent flares of cellulitis and abscess formation around 
the wound; 4) marked osteoporosis coincident with new bone formation; and 5) marked 
general toxaemia with anaemia, and failure to respond to routine therapy. Infection with 
actinomyces is seldom suspected till the organism is demonstrated in the pus. The pus is 
usually profuse, but “ sulphur granules ’’ were present in only one case. 
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BACTERIOLOGY OF ACTINOMYCETES 
Variability of actinomycetes—The actinomycetes show a great range of variability in their 
members, so much so that Lieske (1921) regarded the concept of species as untenable for this 
group. It has been agreed that this is an extreme view and that the identity of species is 
preserved (Table II). In the present series some traits appear to have a higher degree of 
constancy than others: 1) The general mode of growth; the firm woven consistency of the 


TABLE II 


CHARACTERISTICS OF ORGANISMS IN SIx CASES OF WOUND INFECTION BY ACTINOMYCES 


First | Type of Early Peripheral Aerial Acid Penicillin 
Case culture | growth colony fringe branching Colour Haemolysis fast sensitivity 
Comparatively 
Matt, wide. Stout 
Adherent lens-shaped, hyphae, side Earlyfrom Dead 
one web yellow-grey, branches at two days white 
opaque long intervals, 


angles acute 


Narrow, delicate 
hyphae, side 


Matt, highly 


2 Adherent domed, brown, Sy 0 + 
web opaque, 
cartilaginous 
parallel 
Matt, Narrow, delicate 
3 Anaerobic *@herent lens-shaped, wavy hyphae, 1-4 ellow- 
web yellow-grey, side branches at weeks white 
translucent large angles 
Matt, smooth, Narrow, very White or 
. Adherent almost flat, fine hyphae, l-several grey to ; 
4 | Anaerobic web thin, similar to Case 3 weeks olive- a T 
translucent but not so wavy green 


A. bovis ___ Therapeutic 


5 Anaerobic (Hartz) response 


Friable _ Dew drop, Narrow, stiff, Slow, 

6 Aerobic non- later matt, _ Sparse, 0 cloudy age a 
adherent creamish, disappearing green 
opaque with age orange 


colony as opposed to a friable mass. 2) The mode of branching at the periphery where a 
circular fringe of hyphae growing just beneath the agar anchors the growth and determines 
the general character of the colony. 2) The capacity to bear aerial hyphae and the texture 
and colour of these is fairly constant. These features enabled any group of six to be 
distinguished from one another. The features embodied in Table II represent an average 
mean and are all liable to variation. 

Haemolysis—On blood-agar each of the larger colonies is surrounded by a cloudy green ring 
about two millimetres wide. This merges into a wider ring of clear haemolysis which is, in 
turn, sorrounded by a further ring of cloudy green. The change appears in two to four days. 
Contrary to expectation haemolysis was scarcely noticeable in the first subculture after 
isolation from pus, and increased only in the next one or two subcultures. It may have been 
merely fortuitous, but the two most haemolytic organisms occurred in the two most anaemic 
patients. 

Spore-formation—The four non-acid-fast types (Cases 1, 3, 4 and 5) bear hyphae which break 
into short diphtheroid spores, and these were probably present in the pus where in quantity 
they would be difficult to distinguish from involution forms of diphtheroids. The diphtheroids 
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grown in culture were sometimes too few to account for the appearances of the fresh films. 
In the two acid-fast forms acid-fast rods were occasionally seen in large numbers in a pus cell, 
especially when filaments became scanty. 

Isolation of actinomyces—It is difficult to grow the actinomyces from pus on artificial 
media. Successes recorded here followed several trials. Once started they are more easily 
propagated in subcultures. 


Characteristics of the pus—The pus is thin, non-clotting and heavily loaded with 
polymorpho-nuclear leucocytes. Short branching hyphae may be obscured by other organisms 
or numerous specimens of pus may have to be searched 
before they are demonstrated. The filaments may break 
up into diphtheroid or coccoid bodies (spores) and one 


2 

should regard pus containing such organisms with suspicion, vie 

especially when many are seen in pus cells. These ‘ 

diphtheroids and cocci are usually smaller than the natural t 

organisms. For bacteriological examination swabs were * | 

taken from the depths of the wounds at operation or at & > 

routine changes of plaster. Direct films and blood-agar or , 

glucose-broth cultures were made routinely (Fig. 3). In Fic. 3 

long-standing wounds the plates were dried in an oven for Acid-fast actinomyces in pus. 

half an hour to inhibit B. proteus and B. pyocyaneus. 

Routine use clinically of penicillin and “ phenoxetol’’ reduced the secondary infection and 

made the isolation of the actinomyces much easier. With experience it was found that 

certain modification of, or additions to, this technique were desirable: 

1) A specimen of pus is preferable to swabs. “ Sulphur granules ”’ or tangled masses of hyphae 

may be visible to the naked eye. 

2) Ziehl-Nielsen staining short of full decolourisation was used to demonstrate the acid-fast 

actinomyces. 

3) Phenoxetol-agar (-2 per cent) proved useful in suppressing the growth of Gram-negative 

organisms. 

4) The anaerobic and carbon dioxide jar was frequently used. 

5) P. Amino broth, freshly boiled and cooled, was used for culturing micro-aerophilic organisms 

in the carbon dioxide jar. 

6) Cultures were incubated for up to six days to allow for the slow growth of the actinomyces. 
The actinomyces was grown on at least one occasion in each of the six cases reported 

and in two it was isolated more than once. It seems reasonably certain that these organisms 

were not chance contaminants. Actinomycetes were grown only from pus in which they had 

already been demonstrated and acid-fast forms retained their acid-fastness on culture. The 

only actinomycete contaminant found on old plates is a pink non-acid-fast variety. 


Guinea pig inoculations— Four lots of three animals were inoculated intraperitoneally with 
agar cultures kept overnight in broth, from Cases 1, 2, 4 and 6. Owing to a technical fault 
the guinea pigs inoculated with cultures from Case 2 were not available for study. 

Case 1—A guinea pig died on the thirteenth day and an autopsy showed a caseous mass in 
the abdominal wall and similar smaller nodules in the spleen. Histologically the lesions were 
typical of actinomycosis. Hyphae, coccoid and rod-like bodies were demonstrated. A second 
guinea pig died on the seventeenth day. Typical lesions and hyphae were found in the liver 
and spleen and a caseous mass occupied the space between the liver and duodenum. 

Case 4—One guinea pig died on the fourteenth day. Lesions as already described were found 
in the spleen. 

Case 6—One guinea pig died on the fourteenth day. At autopsy nothing definite could be 
found except one suspicious nodule in the liver. 
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DISCUSSION 

The usual pathogen in man is the actinomyces bovis (Topley and Wilson 1946). Infection 
by aerobic, acid-fast and non-acid-fast actinomyces is rather infrequent. Mutation from 
anaerobic to aerobic types occurs in cultures but the opposite is very rare. Cope (1938) 
doubts whether the aerobic organisms can cause lesions in animals and man. In the present 
series there seems little doubt of their pathogenicity for the following reasons: 
1) Of approximately fifty open fractures of the femur treated during the two years in question, 
only five failed to heal within a year. Three of these harboured the actinomyces, one had a 
complicated sinus tract not amenable to radical surgery and one had sequestra on exploration. 
After sequestrectomy the wound showed signs of healing rapidly. 
2) Metastatic spread was noted in one case (Case 4). 
3) In another case (Case 6) a pure growth of aerobic actinomyces was obtained from a closed 
lesion. 
4) Twelve guinea pigs were inoculated intraperitoneally with the organism. Four died. 
Nodules of granulation with loose strands of mycelia were detected in the spleen and 
mesenteric lymph glands at autopsy. One of these was an aerobic form. 
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Fic. 4 
Graph showing penicillin sensitivity of actinomycetes in five patients. 


The mode of infection remains in doubt. Cope stated that the actinomyces is frequently 

found in the large gut and Boyd (1943) mentioned his experience of perianal lesions. Infection 
from the rectum is easy to understand in cases of wounds around the buttocks. In the two 
cases with chest injuries a fouled bed was common, as both patients were incontinent at 
some stage of their illness. On the other hand, infection may have been carried in by clothes 
or missiles at the time of injury. What factors determine the invasion of the tissues by the 
organisms remains doubtful. 
Treatment—All patients had one or more operations. The site of infection was widely 
exposed and the wounds were treated by gauze packing. In the cases involving the femur, 
adequate splintage was provided. It may be suggested that the patients with involvement 
of the hip were not subjected to adequate drainage, or that they might have benefited from 
excision of the head and neck of the femur as advocated by the late G. R. Girdlestone. In 
reply, we would state that in two of the cases the sciatic nerve was already irreparably injured, 
so that posterior exposure of the affected joint was very extensive. 

Three patients had prolonged treatment with potassium iodide, as advised by Cope, 
with little or no response. Chemotherapy by sulpha drugs in this group was disappointing, 
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in contra-distinction to the results obtained by Cope (1938), Ogilvie (1940), Lyons and Owen 
(1943), and Dorling and Eckhoff (1940). In spite of adequate dosage no permanent 
improvement was noted. 

Three cases were treated by X-ray therapy. Two cases showed progressive improvement 

and one gave no response. In one patient (Case 6), infected with a penicillin-resistant strain 
of actinomyces, the lesion resolved after treatment by X-radiation. 
Penicillin—The response to doses of the order one to one and a half million units was dramatic 
in the two patients with thoracic lesions. In both, the sinuses were healed and the patients 
afebrile within ten days of the beginning of treatment. Three patients with lesions involving 
the hip region did not heal on doses of this order; it remains to be seen whether they will do 
so on doses of penicillin up to eight or ten million units as recommended by Walker and 
Hamilton (1945), who claimed excellent results in a small group of cases treated over periods 
up to eighty days. The general condition of these patients has improved on prolonged 
treatment and the actinomyces is disappearing from the pus. 

Ogilvie believes that the chemotherapeutic substance acts by damping down the 
secondary infection and the tissues then deal with the actinomyces. In the two cases here 
described which responded to penicillin, this explanation does not apply, for the concomitant 
organisms were insensitive to penicillin. It appears therefore that penicillin acts directly on 
the organism (Fig. 4). Results of local irrigation with zinc peroxide, penicillin and 
“ phenoxetol ” have been disappointing. 


SUMMARY 


1. Six cases of infection of wounds with actinomyces are described and the cultural 
characteristics of the organisms are discussed. 

2. In three patients the infecting organism was an unusual aerobic form. 

3. Possible sources of infection are considered. 

4. The chronicity of the condition and the difficulty in treatment are stressed. 

5. Penicillin and X-radiation hold out most hope of cure. 
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PECTORALIS MINOR TRANSPLANT FOR PARALYSIS OF 
THE SERRATUS ANTERIOR 


J. Paiva Cuaves, Lispon, PoRTUGAL 


From the Colonial Hospital of Lisbon 


The principal function of the serratus anterior [serratus magnus] muscle is to hold the 
vertebral border of the scapula against the thorax during elevation of the arm. When the 
muscle is paralysed, from an isolated lesion of the nerve to serratus anterior [long thoracic 
nerve; nerve of Bell), the vertebral border of the scapula stands away from the thorax, and 


Fic. 1 Fic. ‘ 
Figure 1—Before operation. Typical winging of scapula on attempting to raise the arm. Figure 2—Result 
six months after operation. 


there is inability to raise the arm or to perform pushing movements. Recently we have 
carried out a muscle transplant in which the pectoralis minor was transferred to the vertebral 
border of the scapula; and although the method has been used in only one case the result 
has been so gratifying that a preliminary report seems justified. 

Hitherto, operative treatment for this condition has been directed along one or more of 
the following lines: 1) fixation of the scapula to the ribs (Whitman 1932, Dickson 1937); 
2) nerve anastomosis between the subscapular nerve and the nerve to serratus anterior 
(Skillern 1913); 3) transplant of a normal muscle to replace the paralysed serratus anterior. 
Muscles used have been the teres major (Hass 1937) and part of pectoralis major (Samter 1930). 

Of these methods we considered that the most logical was to transfer a suitable muscle 
to replace the paralysed serratus anterior. But it seemed to us that a more suitable muscle 
for transfer than those previously described might be the pectoralis minor. A factor that 
weighed heavily in our selection of this muscle was our belief that when the serratus anterior 
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was paralysed winging of the scapula was accentuated by contraction of the muscles attached 
to the coracoid process. We felt that transfer of the pectoralis minor from its coracoid 
insertion to the vertebral border of the scapula would be beneficial in two ways: it would 
control scapular displacement directly by affording an adequate substitute for the serratus 
anterior; and it would reduce the opposing action of the muscles attached to the coracoid 
process. 


CASE REPORT 


The patient was a hotel waiter aged twenty-one years. He complained that for about a 
year he had been unable to raise the right arm above the horizontal, either in abduction or 
flexion. The onset of the disability had followed an injection of antitetanus serum given on 
account of an abrasion of the left foot. 

On examination he was found to have typical winging of the scapula, which was accentuated 
when he attempted to abduct or flex the arm (Fig. 1). Total active abduction was limited to 


Fic. 3 
Figure 3—The incision. Figure 4—Diagram to show course of the transplanted muscle. It was 
necessary to lengthen the tendon of pectoralis major by a strip of fascia lata to gain a secure 
attachment to the vertebral border of the scapula. 


45 degrees—all by gleno-humeral movement. Passive movement was full. Neurological 
examination showed no paralysis other than that of the serratus anterior. 
Operation (February 2, 1950)—In planning the operation we had to bear in mind, first, the 
importance of avoiding injury to the large vessels and nerves; and secondly, the necessity of 
preserving the nerve supply to the pectoralis minor—a branch from the brachial plexus 
which passes behind the axillary artery and enters the deep face of the muscle near its 
costal attachments. 

The incision was Z-shaped (Fig. 3). The tendon of the pectoralis minor was isolated and 
detached from the coracoid process together with a rectangle of the common insertion of the 


coraco-brachialis and biceps. The upper part of the belly of pectoralis minor was freed. The 
subscapularis covering the anterior surface of the scapula was cleared as far back as its 
posterior limit near the vertebral border of the scapula. Two holes were made through the 
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bone with a chisel, near the vertebral margin of the scapula at the junction of its upper and 
middle thirds. Since the pectoralis minor was not sufficiently long to permit its direct 
attachment to the scapula its tendon was prolonged by a strip of fascia obtained from the 
thigh. This was passed as a loop through the two chisel holes in the scapula, and sutured to 
the tendon of the pectoralis minor (Fig. 4). The fascia was further anchored by suturing it 
down to the fascia covering the subscapularis. 

At the conclusion of the operation the limb was immobilised in the transverse plane of 
the body by a thoraco-brachial plaster. This was discarded after six weeks and active 
rehabilitation was begun. The result has been entirely satisfactory (Fig. 2). Winging of the 
scapula has been overcome, and almost a full range of shoulder movement has been regained. 


Comment—The efficiency of an operation cannot be judged from a single case. Nevertheless 
the result obtained certainly justifies further trial of the method. 
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A CASE OF RENAL RICKETS SIMULATING 
‘* METAPHYSIAL DYSOSTOSIS 


G. M. MULiLer and H. A. Sissons, Lonpon, ENGLAND 


From Botley’s Park Hospital, Chertsey, and the Institute of Orthopaedics, 
Royal National Orthopaedic Hospital, London 


The purpose of this paper is to describe a case which, because of some degree of similarity 
to the rare condition described in 1934 by Miirk Jansen, was labelled clinically as “‘ metaphysial 
dysostosis."" Details of Jansen’s single case are included in Fairbank’s “ Atlas of General 
Affections of the Skeleton ’’ (1948) but no other example appears to have been described. 


Fic. 1 
Photographs of patient at age of eight years. 


In the present case material from affected bones was available for detailed study after death; 
and on the grounds of the histological structure of the lesions a diagnosis of renal rickets, with 
secondary hyperparathyroidism, is put forward. 


CLINICAL DETAILS 

The patient, a boy, was the fourth child in a family of five; the first two died when aged 
eight months and three years respectively; the third and the fifth are healthy boys of twelve 
and six years. The parents were of average intelligence and were unaware of mental or physical 
disorder either in themselves or in their relatives. The mother was twenty-seven years old 
when the child was born. He appeared healthy and normal until the age of twenty-six months, 
when he sustained an injury to his left ankle. At hospital a diagnosis of “ slipped tibial 
epiphysis and rickets, with marked radiographic changes "’ was made (Fig. 2). At that time 
radiographs of the shoulders, elbows, knees and spine showed no abnormalities. Gross mental 
deficiency and physical deformity were recorded. His weight was 19} lb. He was given 
50,000 units of vitamin D daily and admitted to a children’s home. 
Clinical examination—At the age of seven years and eleven months he was moved to 
Botley’s Park Hospital, Chertsey, Surrey, where one of us (G. M. M.) examined him in detail. 
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He was a cheerful mite, 25 inches in height and weighing 23 lb., with the intelligence of a much 
younger child. He was weak and puny, and could take a few waddling steps only by supporting 
his arms on his knees in a grotesque fashion. When “ standing ’”’ his trunk sagged, and he 
adopted an exaggerated squatting posture (Fig. 1). His skull was of the dolichocephalic 
type, he had protuberant widely spaced eyes and an unusually flat nose. His teeth were 
separated from each other, and because of the obtuseness of the mandibular angle he could 
not close his mouth, which remained widely open. He breathed with a distinct wheeze; his 
thorax was under-developed, and respiration was mainly abdominal. This defective thoracic 
development gave a pyramidal appearance to the shoulder girdles. Because of the lordosis, 
his abdomen was remarkably protuberant. The limbs were not relatively shortened but 
showed striking deformities with bowing of the thighs and sharp angulations above the 
ankles, and at the knees, elbows and wrists. No abnormality was found in the nervous system. 


Fic. 2 
Radiograph of legs made at the age of 
two and a quarter years, showing early 
metaphysial changes at lower ends 
of tibiae. 


Radiographic examination——At twenty-six months the only abnormalities were those seen 
in the radiographs of his ankles (Fig. 2). The epiphyses were displaced medially; the 
metaphyses of the lower ends of the tibiae and fibulae were widened and poorly defined, and 
showed irregularly calcified areas. 

Radiographs taken at the age of eight years revealed extensive symmetrical involvement 
of many bones. The skull (Fig. 3) showed generalised osteoporosis and the anterior fontanelle 
was not closed. The angle of the mandible was remarkably defective. The osteoporotic 
' vertebrae were striated longitudinally. The ribs were enlarged at their vertebral ends and 
j showed the mottling that affected the metaphyses of the long bones (Fig. 4). The inferior 


angle and vertebral border of the scapula were mottled, ill-defined and porotic. The medial 
end of the clavicle was enlarged and the pattern of calcification was irregular. The upper end 
of the humerus exhibited the changes representative of those in other long bone metaphyses. 
The normal shadow of the bone was replaced by a coarsely mottled appearance ; the epiphysis 
itself was relatively normal (Fig. 4), and a varus deformity was present. The lower 
metaphyses of the humerus, radius and ulna (Fig. 5) had undergone similar changes, and in 
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Fic, 3 
Radiograph of skull. Note lack of mandibular angle. 


; 
§ 


Fic. 4 Fic. 5 
Figure 4—Right shoulder and humerus. Note marked mottling of upper humeral metaphysis 
and changes at inferior angle of scapula. Figure 5—Radiograph of right forearm. Note 
metaphysial changes in radius and ulna at lower end, and thickening of cortex of ulna. 
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Fic. 6 Fic. 7 
Femora showing marked metaphysial changes, pointed 
diaphysis and bowing at the junction of diaphysis and 
metaphysis. 


Fic. 8 Fic. 9 
Knees and ankles, showing deformity and mottling of the metaphyses of 
the tibiae and fibulae. 
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addition were widely splayed out, but the changes at the upper ends of the radius and ulna 
were comparatively slight. The subcutaneous part of the ulnar diaphysis was much thickened 
with subperiosteal new bone. The metacarpals and phalanges showed metaphysial changes 
in slight degree (cf. Jansen’s case, where the changes in these bones were more pronounced). 
The neck of the femur was in exaggerated varus, and the upper end of the diaphysis ended 
in a spike of bone surrounded by the disorganised tissues of the metaphysial area (Figs. 6 
and 7). The shaft of the femur was bowed. The distal metaphysis of the femur and the 
metaphyses of the tibia showed the greatest changes, the lesions here having a mottled 
fluffy appearance (Figs. 8 and 9). Both metaphyses of the fibula were involved. The 
deformities of the long bones were most marked at the junctions of metaphysis and diaphysis, 
and were consistent with localised bending at these sites. 

Pathological investigations (at the age of eight years)—The Wassermann and Kahn tests 
were negative. The urine was acid, with specific gravity of 1018. Albumen and sugar were 


Fic. 10 
The longitudinally divided femur and tibia, 
showing the general appearance of the 
abnormal epiphyses. 


absent and no abnormal amino-acids were identified. No abnormality was revealed by 
microscopic examination. No cystine crystals were present. 

Blood urea—38 milligrams per cent. Serum alkaline phosphatase—5O King-Armstrong units 
(normal 5-15 in a child). Serum acid phosphatase—5 King-Armstrong units (normal 1-3 in a 
child). Blood phosphorus—4 milligrams per cent (normal 4-5 milligrams per cent). Blood 
calcium—9-1 milligrams per cent (normal 9-11 milligrams per cent). Faecal fats—Total 22-5 
grammes per cent (split 17-14; unsplit 5-36). 

Progress—He suffered frequent respiratory disorders. In addition to treatment of these, 
he was given a proprietary multivitamin preparation, cod liver oil and malt. He died on 
March 12, 1950, at the age of eight years and nine months. 

Autopsy (Dr D. S. Sharp)—There were no significant changes in abdominal or thoracic 
viscera except for patchy bronchopneumonia which was the immediate cause of death. No 
comment was made on the appearance of the parathyroid glands. The kidneys were described 
as normal on macroscopic examination, and were not studied histologically. 
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G. M. MULLER AND H. A. SISSONS 


PATHOLOGICAL CHANGES IN BONES 
A tibia and a femur, removed at autopsy, were studied in detail, the usual histological 
examination being combined with a method of microradiography described by one of the 
writers (Sissons 1950). The general appearance of the deformed bones is seen in Figure 10. 


Fic. 11 Fic. 12 
Fine-detail radiographs of bone slabs from the upper end (Fig. 11) and the lower 
end (Fig. 12) of the femur shown in Figure 10. (Natural size.) 


Fic. 13 Fic. 14 


Fine-detail radiographs of bone-slabs from the upper end (Fig. 13) and the lower 
end (Fig. 14) of the tibia shown in Figure 10. (Natural size.) 


The upper part of the femur was extensively disorganised, a pointed peg of bone projecting 
into the cartilage of the femoral head. The epiphyses at the lower end of the femur and at 
the growing ends of other bones were relatively normal, with recognisable epiphysial cartilages. 
In the metaphyses, however, irregular masses of cartilage were seen. Their arrangement and 
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A CASE OF RENAL RICKETS SIMULATING ‘“‘ METAPHYSIAL DYSOSTOSIS ”’ 


Fic. 15 
The microscopic appearance of the growing epiphysis 
showing replacement of columns of cartilage cells by 
bone trabeculae. Excessive osteoid tissue is absent, 
but the proliferation of cartilage is not as active as 
is normally found. ( 42.) 


17 
The histological structure of the abnormal cartilage 
from the metaphysis of the lower end of the femur. 
This field is from the central part of one of the uncalci- 
fied cartilaginous masses shown in Figure 12. The 
cartilage shows extensive cell degeneration. ( 55.) 


Fic. 19 


Showing local osteoclastic erosion of bone and its 


replacement by fibrous tissue. From the upper 
epiphysis of the tibia. (x 74.) 
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Fic. 16 
A tongue of cartilage projecting from the epiphysial 
cartilage (upper epiphyses of the tibia) and connect- 
ing this with adjacent masses of normal cartilage. 
Some irregular ossification of the peripheral part of 
the cartilage is taking place. (» 42.) 


A region of osteitis fibrosa from the metaphysis 
of the upper end of the tibia (Fig. 13). The amount 
of osteoid tissue on the surfaces of bone trabeculae, 
either here or in other situations, is not excessive. 


Fic. 20 
A “ hollowed ”’ bone trabecula due to involvement 
by osteitis fibrosa. From the upper epiphysis of 
the tibia. 55.) 
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their relationship to the epiphysis can be clearly seen in Figures 11 to 14, which are fine-detail 
radiographs of the bone slabs shown in Figure 10. Endochondral ossification had clearly 
passed through an abnormal phase, with the production of these irregular cartilaginous 
masses, but it had recently proceeded more normally and had re-formed a recognisable 
epiphysial cartilage. The persisting nodular masses of cartilage had only a few connections 
with the epiphysial cartilage. 

Histologically, the abnormal cartilage in each of the bones had the same general structure 
(Figs. 15 to 17). Instead of showing the regularly arranged columns of proliferating cartilage 
cells of a growing epiphysis, with small amounts of interstitial cartilage matrix, it was 
composed of wide areas of poorly staining matrix, with inconspicuous ‘ degenerated ”’ cells 
in some areas but with the complete absence of any cells in others. This cartilage was for 
the most part uncalcified, but at the margins of the nodules there was some irregular 
endochondral ossification. Neither histological nor radiographic studies demonstrated any 
excess of osteoid tissue in the abnormal areas, or in the remainder of the bones, but local 
areas of osteitis fibrosa were widely scattered throughout the skeleton (Figs. 18 to 20). In 
the metaphyses these took the form of extensive areas where haemopoietic marrow was 
replaced by vascular fibrous tissue. In the shafts of the bones Haversian canals were often 
enlarged and filled with fibrous tissue, while in the subperiosteal region extensive areas of 
newly developed bone with the characteristics of osteitis fibrosa were found, and were 
presumably the basis of the radiographic changes in the shaft of the ulna. In all these lesions 
osteoclastic activity was conspicuous. In the epiphyses themselves, and sometimes in the 
metaphyses, the surfaces of individual trabeculae were ensheathed in abnormal amounts of 
fibrous tissue, and in places this penetrated into the central parts of thicker trabeculae. This 
feature is shown in Figure 20, and careful inspection of the central part of the tibial epiphysis 
in Figure 13 shows the radiographic appearance of these “ hollowed ”’ trabeculae. 


DISCUSSION 


In this case the radiographic changes, though similar to those in Jansen’s case, are 
consistent with the diagnosis of renal rickets—particularly the “ fluffy ’’ appearance of the 
epiphyses of the long bones (Figs. 6 to 9) and the abnormal subperiosteal bone seen in the 
ulna and femur (Figs. 5 to 7). Histologically, the retardation of epiphysial growth, the masses 
of degenerated cartilage in the metaphyses, and the scattered lesions of osteitis fibrosa present 
in all regions of the bones studied, do not suggest a dysplastic condition, but are characteristic 
of the type of “rickets” seen in renal disease, with a high degree of the secondary 
hyperparathyroidism that Gilmour (1947) has described as characteristic of these cases. It 
has long been apparent that renal ‘ osteodystrophy ’’ does not follow the pattern of 
nutritional rickets. Indeed, Brockman (1927) suggested the term “ renal osteitis fibrosa "’ 
in preference to renal rickets, on account of the conspicuous osteoporosis and bone fibrosis. 
But there is increasing evidence, both histological and biochemical (Hamperl and Wallis 1933, 
Gilmour 1947, Albright and Reifenstein 1948) to show that both rachitic changes (producing 
lesions in actively growing epiphysial cartilage) and secondary hyperparathyroidism (causing 
generalised lesions of osteitis fibrosa) are concerned. The view has been put forward that in 
renal rickets the hyperparathyroidism is a compensatory mechanism which aims at restoring 
the blood calcium and blood phosphorus to normal, and it is interesting that in the present 
case, as in two of Gilmour’s series, normal values were obtained for these estimations. 

The resemblance between the present case and that of Jansen raises the question whether 
that too was an example of renal rickets. Jansen’s histological material was restricted to 
small pieces of abnormal cartilage from the lower end of the tibia, and did not provide any 
evidence on this point. In his paper there was no mention of the possibility that renal changes 
might be responsible for the bone condition. 
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A CASE OF RENAL RICKETS SIMULATING ‘“‘ METAPHYSIAL DYSOSTOSIS ” 239 


The similarity between the cartilaginous lesions of the present case and those seen in 
‘‘ dysplastic '’ enchondromatosis is striking, and the resemblance to what was described by 
Speiser (1925) in one example of this condition is remarkable. Speiser’s case, that of a child 
aged four and a half years, studied at autopsy showed widespread bony changes. Nodular 
masses of hyaline cartilage were present in the metaphyses of long bones, where they were 
sometimes continuous with the epiphysial cartilages; but similar masses were also present 
under the periosteum and in cortical bone remote from-the epiphyses. 

Two further cases which are described in the literature require comment, namely those 
of Pyle (1931) and of Bakwin and Krida (1937). The disturbance was described as 
‘‘metaphysial dysplasia,’ but the affected metaphyses contained no abnormal cartilage. 
Long bones were symmetrically involved, with bottle-shaped metaphysial expansion and 
considerable increase in length. There were no gross deformities, the patients were otherwise 
healthy, and the condition was familial. 

The present example shows that correct diagnosis of such a case can be very difficult. 
Initially it was thought that the normal blood-urea and urinary findings excluded gross renal 
disease, just as the absence of glycosuria and amino-acid excretion excluded ‘‘ Fanconi’s 
syndrome.’”’ Moreover, the kidneys were passed as normal on naked-eye examination at 
autopsy. Nevertheless the association of extreme rickets and pronounced osteitis fibrosa 
leaves little doubt that the disturbance was of renal origin. Final confirmation of the diagnosis 
would have to depend, among other things, on detailed metabolic studies to determine the 
skeletal response to normal and increased intakes of minerals and vitamin D. Despite the 
omission of such investigations, and of any histological data on the kidneys and parathyroids, 
it seems reasonable to describe the case and to place on record the particular investigations 
which it has been possible to carry out. 

SUMMARY 

A case is described in which a clinical diagnosis of “‘ metaphysial dysostosis ’’ was made, 
but in which histological examination of involved bones showed the changes of rickets, 
presumably renal, with secondary hyperparathyroidism. 


We are indebted to the Medical Superintendent and staff of Botley’s Park Hospital for help with this case; 
to Sir Thomas Fairbank and to Professor S. L. Baker for interest and advice, and to Mr Hedley W. Hall 
for the loan of the early radiographs. 
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TENODESIS OF SUBCLAVIUS IN THE TREATMENT OF RECURRENT 
DISLOCATION OF THE STERNO-CLAVICULAR JOINT 


H. JAckson Burrows, Lonpon, ENGLAND 


From the Orthopaedic Department, St Bartholomew's Hospital; and the Royal National Orthopaedic Hospital 


The publication of a method of treatment on the basis of one or two cases is rightly 
deprecated ; but, if the condition happens to be uncommon and often requires no treatment, 
publication may be the only means of securing extended trial; in the hope of such this note 
is written. Two cases are described of acquired, recurrent, forward dislocation of the clavicle 
treated by tenodesis of the subclavius in addition to capsulorrhaphy of the sterno-clavicular 


joint. 


BASIS OF OPERATION 

It is difficult to see how any operation for this condition can succeed which does not 
include repair or replacement of the costo-clavicular {rhomboid} ligament, and conversely 
how recurrence could take place if a successfully replaced costo-clavicular ligament remained 
intact. Such previous methods as have included replacement of this ligament (Bunnell 1944, 
Speed 1949) have involved the use of fascial strips, which must be anchored below by 
passage round a rib or costal cartilage. Here it seems simpler, safer and easier to pick up a 
mooring than to drop anchor; the obvious mooring is the tendon of subclavius, separated 
from its muscle fibres and suitably realigned. Its lower attachment is ready-made. As to 
an upper attachment, the tendon can be fixed to the clavicle by passage through an L-shaped 
canal (6, Fig. 1)—without any disturbance of the important structures behind, which is 


STERNO - 
UASTOID 


PLATYSMA 


Diagram illustrating the operative approach, a, to the tendon of 
subclavius, and also the L-shaped canal, 6, drilled in the clavicle. 


the danger of encircling the clavicle or of drilling straight through it. The new ligament lies 
about quarter of an inch lateral and half an inch anterior to the position normally occupied 
by the outer part of the costo-clavicular ligament. The conflicting statements about the 
direction of the fibres of this ligament are explicable partly by changes with the position 
of the limb and partly by the observation (Cave 1949) that the ligament has commonly the 
form of an inverted cone, with divergent fibres enclosing (more or less completely) a bursa. 

Operation should not be advised unless symptoms unquestionably due to the recurrent 
dislocation are a real source of trouble; this is not always the case. 
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DETAILS OF OPERATION 


Exposure of inner end of clavicle and neighbouring parts (Fig. 2)—An incision, reaching the 
mid-line, is made about an inch below and parallel to the inner half of the clavicle (scar shown 


in Fig. 7). Skin and superficial fascia, with 
platysma, are divided. The upper margin of the 
incision is reflected and retracted upwards. 
Opening of sterno-clavicular joint and reflection of 
pectoralis major (Fig. 3)—The periosteum of the 
front of the clavicle is divided longitudinally and 
its margins are slightly elevated. The baggy 
capsule of the sterno-clavicular joint is divided 
both laterally and below, the triangular flap so 
outlined being turned upwards and medially. The 
origin of the presenting part of pectoralis major 
is detached subperiosteally from the clavicle and 
from the adjacent uppermost part of the sternum 
just below the sterno-clavicular joint. Care must 
be taken to strip the periosteum no further than 
the deep surface of the pectoralis major, and so 
to leave the subclavius insertion undisturbed. 
The periosteum is again divided, this time from 
its deep surface, to allow the interval between 
pectoralis major and subclavius to be opened up; 
the detached part of pectoralis major is retracted 
downwards sufficiently to reveal the tendon of 
subclavius. 

Separation of tendon of subclavius from muscle fibres, 
drilling clavicle and tethering the tendon (Fig. 4)— 
The tendon is dissected from its muscle fibres 
throughout its length, with special care at the 
lateral end to avoid damage to the nearby 
subclavian vein; the origin of the tendon from 
the first costo-chondral junction is preserved. 
With a 3 inch (4 millimetre) drill, holes are made 
into the clavicle in the same parasagittal plane 
as the origin of the tendon, one anteriorly, and 
one superiorly after subperiosteal separation of 
the overlying sterno-mastoid fibres. With the 
dislocation fully reduced, the tendon is brought 
up to the front of the clavicle, backwards into the 
bone through the anterior hole, upwards out of the 
superior hole and downwards over the front of 
the bone, being sewn tightly to itself. 
Capsulorrhaphy (Fig. 4)—The flap of capsule is 
brought down and sewn snugly over the front of 
the joint. 


CLAVICULAR HEAD 
STERNAL HEAD OF 
MUSCLE MUSCLE 


Fic. 2 
First stage of operation—exposure of inner 
end of clavicle and neighbouring parts 
through subclavicular incision dividing 
skin and platysma. 


CAPSULE OF 
STERNO-CLAVICULAR 
JOINT 


PART OF 

PECTORAHS MAJOR 

WITH ITS CLAVICULAR 

SUBCLAVIUS ATTACHMENT 
Fic. 3 
Second stage of operation—opening of 
sterno-clavicular joint, and exposure of 
subclavius by reflection of part of origin 
of pectoralis major. 


‘RIOSTEUM REFLECTED 
PART OF © 


TENDON OF 
SUBCLAVIUS 


Fic. 4 
Third and fourth stages—tenodesis and 
capsulorrhaphy: i) tendon of subclavius 
(separated from its muscle fibres but still 
attached below) passed through drill holes 
in clavicle and tethered ; ii) flap of capsule 
sewn over front of sterno-clavicular joint. 


Closure—The periosteum is brought together, with its attached pectoralis major and 
sterno-mastoid muscle fibres, the platysma carefully repaired and the skin closed. A soft 
rubber drain at the outer end of the incision is attached to a halter so that it can be 
withdrawn later without disturbance of dressings, and the limb is bandaged to the side with 


firm pressure at the site of operation. 
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CASE REPORTS 

Case 1. (St B. H. 1947)—-Woman, aged twenty-two years, clerk. Two years before operation she 
suffered pain in the left shoulder after a fall on her back on the ice, and thereafter she found that 
the inner end of her left clavicle would suddenly become prominent with trivial arm movements. 
She received no treatment. 

Examination—On abduction or extension of the arm the inner end of the clavicle suddenly 
dislocated forwards (Figs. 5 and 6). On reversal of the movement, reduction occurred equally 
dramatically. Observation in hospital appeared to confirm the patient’s statement that the event 
was painful enough to cause important disability. The range of movements of the upper limb 


Fic. 5 
Case 1——Condition before operation. Figure 5—With the arms by the side the appearance was normal. 
Figure 6—With elevation of the left arm the left clavicle dislocated forwards at the sterno-clavicular joint. 


Fic. 8 
Case 1—Condition after operation. Figure 7—With arms by side—cheloid scar. Figure 8—With arms 
elevated—no dislocation. 


was undiminished. No abnormality was demonstrated radiographically in the sterno-clavicular 
joints, but no satisfactory view was obtained of the joint when dislocated. 

Operation—as described. 

A fter-treatment and progress—The drain was removed next day and the stitches were removed on 
the fifth day. The forearm was freed at the end of three weeks to permit active rotation at the 
shoulder, but other movements were not allowed for another three weeks, after which they were 
carried out systematically. Elevation of the upper limb did not fully return until nearly seven 
months after operation. There was no complaint of the sterno-clavicular joint, save that on one 
occasion it was said to ache slightly in damp weather. 

Follow-up—Three years and six months after operation, there is no disability whatever in the 
sterno-clavicular joint, but she now has bilateral pulmonary tuberculosis. 
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Case 2. (R. N.O. H. 1950)—Boy, aged sixteen years and nine months, shop assistant, right-handed. 
Thirteen months before, he struck the floor hard with his left hand in a game, feeling severe pain in 
the front of the left shoulder joint but none in the sterno-clavicular region. He thought that he had 
broken a bone or a ligament, and he took about a month to recover. A month later still, he began 
to notice a click when he reached above his head, and this drew attention to what, as a first-aid 
enthusiast, he recognised to be dislocation of the sterno-clavicular joint. Thereafter it ‘clicked 
out ’’ whenever he put his left hand above his head, and the event became painful, sometimes very 
painful 

Examination—On abduction or flexion of the left arm beyond shoulder level, the inner end of the 
left clavicle dislocated forwards painfully. No radiological abnormality was demonstrated. 
Operation—as described. 

After-treatment and progress—The drain was removed next day and the stitches were removed 
at five days. Immobilisation of the upper limb was continued for four weeks, and then free 
active movements were allowed. Five weeks later he was back at work with a full range of movement 
of the arm. 

Follow-up—Twelve months after operation he has no complaints whatever, a clinically normal 
sterno-clavicular joint and full shoulder movements, although he had sustained a comminuted 
fracture of the outer third of the clavicle three months before, when thrown from his bicycle by 
a motor van. 


Comment— Post-operative stiffness of the shoulder would tend to promote recurrence: four 
weeks’ immobilisation, as in Case 2, is probably as long as is desirable. 


SUMMARY 
1. It is suggested that replacement of the costo-clavicular ligament is mechanically an 
essential part of the operative treatment of recurrent sterno-clavicular dislocation. 

2. Tenodesis of the subclavius appears to be the simplest and safest way of achieving such 
replacement. 

3. Two cases are described of recurrent sterno-clavicular dislocation treated by this 


procedure and capsulorrhaphy. 
4. Full function was restored in both cases; and there had been no recurrence at the times 
of follow-up—three years and six months after operation in the first case, and twelve 
months after operation in the second. In this case the joint had withstood violence that 
had shattered the clavicle. 

5. Further trial in judiciously selected cases, with report, is suggested. 


I am grateful to Professor A. J. E. Cave for allowing me to work out the anatomical details of the operation 
in the Department of Anatomy of St Bartholomew's Hospital Medical College (University of London), and 
to hospital colleagues, particularly Mr E. D. V. Nicoll and Dr W. R. Daniel for their assistance with the 
first case. 
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FRACTURES OF THE RADIAL HEAD WITH DISTAL 
RADIO-ULNAR DISLOCATION 


Report of Two Cases* 


PETER Essex-LoprestTI, BIRMINGHAM, ENGLAND 


From the Birmingham Accident Hospital 


During the last three years two unusual cases of comminuted fracture of the head of 
the radius associated with dislocation of the distal radio-ulnar joint have been treated. In 
the first the mechanism of the injury was not at once appreciated and the head of the 
radius was unwisely excised. 

Case 1—In October 1947 a man aged forty-six years was pushing hard on a loaded truck, 
with his arms almost extended, when it was suddenly stopped and he sustained a violent 
longitudinal compression force on his forearms. He felt a severe pain in the left elbow and, 


Fic. 1 


Case 1—Comminuted fracture of radial head with proximal 
displacement of radial shaft. 


on examination six hours later, crepitus could be felt over the head of the radius on rotation 
of the forearm. No pain in the wrist or swelling of the forearm was noted. Radiographs 
(Fig. 1) showed a comminuted fracture of the head of the radius. It is obvious now that the 
shaft of the radius had been driven up into the head with relative shortening of this bone 
compared with the ulna. The significance of this in terms of the distal joint was not 
immediately recognised and the radial head was excised. The post-operative radiograph 
showed that the radial shaft had moved up even farther and was in contact with the 
capitulum (Fig. 2); it was then realised that the distal radio-ulnar joint must be dislocated. 
Radiographs of the wrist (Fig. 3) confirmed this and showed a depressed fracture of the 
radial styloid as further evidence of the longitudinal compression force. Radial deviation 
of the hand was marked (Fig. 4). At this time the radius could be moved down easily into ' 
its normal position and determined attempts were made by traction to maintain reduction t 
but with incomplete success. 


* Paper read at the Annual Meeting of the British Orthopaedic Association, London, 1950. 
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The patient returned to full work as a coal heaver eight months after the injury and 
when reviewed two years and nine months after injury he reported that he was handling 
twenty-six tons of coal a day with only an occasional ache in the wrist and no symptoms in 
the elbow. Radial deviation of the hand was still present; elbow movement was full, and 
rotation of the forearm 110 degrees (supination 65 degrees; pronation 45 degrees). It 
should be noted that he was the type of patient who would get a good result after any 


Fic. 2 Fic. 3 
Case 1. Figure 2—After excision of the head the shaft of the radius moved up to impinge on 
the capitulum. Figure 3—Wrist immediately after excision of the radial head. Note dislocation 
and radial deviation. 


Fic. 4 Fic. 5 
Case 1, Figure 4—Marked radial deviation of hand soon after excision of head of radius. Figure 5 
Appearance of elbow two and three-quarter years after injury. 


injury. Radiographs of the elbow at this review (Fig. 5) showed no evidence of post-traumatic 
arthritis and the rounded shaft of the radius was not in contact with the capitulum. 

Comment—The initial mistake of excising the head created real difficulty in reducing the 
dislocation, and it was decided that in a future case this should not be done. From then on 
careful watch was kept for another like it, but, while there was opportunity for observing 
the high proportion of patients who complain temporarily of aching in the distal radio-ulnar 


vot. 33 B, no. 2, may 1951 


| 
‘ 
= 
tg 
} 
“| 
9 
A 


246 P. ESSEX-LOPRESTI 


joint after excision of the radial head, it was not until two and a half years later that the 
second case was seen. During the interval over 300 cases of fracture of the radial head in 
adults had been treated at the hospital. 

Case 2—A man, aged thirty-five years, fell from a ladder and, putting out his left arm to 
save himself, sustained a longitudinal compression force of the forearm. On examination 
one and a half hours later there was swelling of the left elbow with maximal tenderness over 


Fic. 6 Fic. 7 
Case 2. Figure 6—Comminuted fracture of radial head with proximal shift of shaft of radius. 
Figure 7—Wrist before reconstruction of radial head. 


Fic. 8 Fic. 9 
Case 2. Figure 8—Seven months after injury. Head has united, but there is evidence of traumatic 
arthritis. Figure 9—Wrist after reconstruction of radial head, showing reduction of distal radio-ulnar 
subluxation. 


the radial head. He did not complain of pain in the wrist and no swelling of the forearm 
was noted. Radiographs (Fig. 6) showed a comminuted fracture of the head of the radius 
with backward displacement of a large fragment, and it was apparent that the radial shaft 
had moved proximally. Radiographs of the wrist confirmed subluxation of the distal 
radio-ulnar joint (Fig. 7). 

At operation on the day after admission the radius could be pulled down easily and this 
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made possible a reduction of the fragments. These were drilled and fixed, and after suture 
of the orbicular ligament the radial head appeared quite stable. Post-operative radiographs 
showed successful reduction of the distal radio-ulnar joint (Fig. 9). Shortly after operation 
the patient left the district and I am indebted to his practitioner, Dr A. Heap of Nelson, for 
the clinical and radiographic follow-up examination seven months after the injury. The 
elbow movement was from 135 degrees to 60 degrees, and the range of rotation 45 degrees. 
He had returned to work. Radiographs (Fig. 8) showed union of the fragments of the radial 
head but there was evidence of post-traumatic arthritis. 


DISCUSSION 


In 1946 Curr and Coe reported an injury of this type and could find no previous reference 
to similar cases in the literature. Their patient complained of severe pain and had gross 
swelling of the whole forearm, which they ascribed to tearing of the interosseous membrane. 
Neither of the two patients reported here had this pain or swelling. The elbow movement 
in Curr and Coe’s case one year after injury was from 150 degrees to full flexion and rotation 
was only 5 degrees. 

The mechanism of the injury appears to be a violent longitudinal compression force in 
the long axis of the radius and differs from the usual mechanism of forcible abduction at the 
elbow joint which is responsible for most fractures of the radial head. The condition must 
be very uncommon, for Murray (1940) could find no obvious wrist changes in his survey of 
459 fractures of the radial head; Burton (1942) found none in his report of fifty cases; and 
Gaston and others (1949) reported none in a review of 113 cases. Nevertheless recognition of 
the injury is important, for after excision of the head in Case | the dislocation of the distal 
radio-ulnar joint was aggravated and recurred in spite of efforts to prevent it. The crux of 
the problem is in the distal joint and, since the radius can be pushed down more easily than 
pulled down, the following lines of approach are suggested: 1) Reconstruction of the head. 
In the case so treated (Case 2) the distal subluxation was reduced but, as might have been 
expected from the severity of the injury to the elbow joint, full movements have not been 
regained. 2) Where severe comminution precludes reconstruction two possible courses are 
open. The first is to accept some distal radio-ulnar subluxation, leaving the radial head 
undisturbed. Alternatively, after immediate excision a prosthesis could be used temporarily 
in place of the radial head to hold the radius down until the distal joint and interosseous 
membrane had healed and become stable. 
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AN ATYPICAL CASE OF INFANTILE CORTICAL HYPEROSTOSES 
Ian D. Kitcuin, LANCASTER, ENGLAND 


Caffey and Silverman (1945) gave the name of infantile cortical hyperostoses to the bony 
changes resembling syphilitic osteoperiostitis (McLean 1931) which Caffey (1939) had 
observed in non-syphilitic infants. 

In a recent article by MacGregor and Davies (1949) twenty-eight cases by various 
authors were collected and the clinical details tabulated. In this group the age of onset 
varied from two to 120 weeks; the average age was just over twenty-two weeks, but the 


Fic. | 
A few hours after birth. The quality of the radiographs is poor, but the gross thickening and 
bowing of the tibia are clearly shown. 


median was much less, only four patients being older than eighteen weeks. In only three 
instances, those described by Van Zeben (1948) in which two brothers and a cousin were 
affected, were more cases than one found in a family. 

The case about to be described presents several unusual features: the family history, 
the early onset, the very marked anterior tibial bowing, and the absence of evident malaise, 
fever or tenderness. 

The patient was a girl. The delivery was spontaneous and uneventful. The birth weight 
was 7 pounds. Otherwise normal and apparently healthy, she had gross deformities of both 
legs, which were radiographed a few hours after birth (Fig. 1). The films were of poor quality, 
but they showed gross thickening of both tibiae and, in the lateral views, well marked anterior 
bowing and subperiosteal masses. She was kept in hospital for ten days, and during that 
time was breast-fed. She gained weight and was apparently free from pain. There was no 
pyrexia. 

She was first seen by me when ten days old. Then there was gross anterior and slight 
lateral bowing of both tibiae. The legs below the knee were thickened and brawny, and 
pitted slightly on pressure, but were not tender. Knee and ankle movement was full and 
painless, and no other abnormalities were found. The Wassermann reaction was known to 
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Fic. 2 
At eight weeks. Remodelling of the anteriorly bowed tibiae 
has begun. There is also some thickening of the fibulae, 
particularly in their middle thirds. 


Fic. 3 Fic. 4 
At one year. Figure 3--Right leg. Figure 4—Left leg. The tibiae have remained bowed both anteriorly 
and laterally, but the fibulae have remained practically straight throughout. 
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be negative in each parent, and there were no other clinical signs of scurvy. A diagnosis of 
subperiosteal haemorrhages of unknown origin was suggested. At this point the child’s 
maternal grandmother volunteered the information that the child’s mother (aged twenty-two 
years) had had, at birth, exactly similar deformities and had been referred to Professor 
McMurray, who after investigation ascribed the condition to subperiosteal haemorrhages of 
unknown origin and gave a hopeful prognosis. The deformities disappeared entirely in the 
first few years. Unfortunately the records of the examination had been destroyed by enemy 


action. 
In view of the unusual nature of the case the patient’s films were submitted to Sir Thomas 


Fairbank who made the diagnosis of infantile cortical hyperostoses. The child’s progress was 
uneventful. She gained weight at normal rate and at all times looked fit and well. The whole 
skeleton was examined radiographically but apart from some possible irregularities in the 
femora the condition was confined to the tibiae. Radiographs taken eight weeks after birth 
showed the condition very clearly (Fig. 2). Anterior bowing was pronounced, but remodelling 
of the tibiae was already well advanced. At the age of one year there was still marked anterior 
bowing and slight lateral bowing of both legs, and they still felt rather brawny, but there was 
no pitting and no pain. She was just beginning to stand. Radiographs showed persistent 
bowing, further remodelling with buttressing along the concave sides of the bones, and 
transverse dense bands seen most clearly in the lateral views (Figs. 3 and 4). 


Comment—The unusual features of this case of infantile cortical hyperostoses have been 
mentioned. No previous report of changes at birth has been found, and the initial radiographs 
(Fig. 1) strongly suggested that the condition had been present for some time in utero. 
Anterior tibial bowing has been reported previously, but it is very uncommon and had not 
been noted by Caffey in 100 cases (quoted by Smitham and Palmer 1950). The bowing was 
not due to post-natal fractures. It is most unfortunate that the mother’s records have been 
destroyed, but the history given by the grandmother of her daughter’s deformities and 
progress and her immediate recognition of the words “‘ subperiosteal haemorrhages "’ suggests 
that the mother suffered from the same condition. 
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THE MOVEMENTS OF BONES AND JOINTS 
4. The Mechanical Structure of Articulating Cartilage* 


M. A. MacConalLt, Cork, IRELAND 


From the Department of Anatomy, University College, Cork 


When the joint is in motion its articulating surfaces are separated by a film of synovial 
fluid, but when it is at rest the surfaces are in contact. They are pressed together by a 
combination of muscular and gravitational forces; the resulting force across the joint is 
always equal to the weight of the part that has come to rest (MacConaill 1949); this weight 
includes that of any object which is carried by the limb. Since the area of contact across 
which the force acts is seldom the whole area of the joint surfaces the force per unit area is 
often great. Cartilage is deformable, and when the force is great the deformation may be 
considerable. The cartilage is compressed in the direction of action of the force, and dilated 


Fic. 1 Fic. 2 


Deformation of articulating cartilages at rest. Figure 1 shows the theoretical conditions with 
intrinsic and extrinsic forces eliminated. Figure 2 shows the effect of combined muscular and 
gravitational forces acting in the direction of the arrow. The effect of these forces is to cause 
vertical compression and lateral dilation, as shown by the network of lines, the origins and 
insertions of which are the same in the two diagrams. 


in the direction perpendicular to the line of action of the force (Figs. | and 2). Dilation implies 
tension in the direction of dilation. The deformation of the cartilage is brought to an end 
when the dilation is brought to an end—that is, when tension-resisting mechanisms within 
the cartilage come into effective action. The normal tension-resisting substance of the body 
is collagen. Consequently the amount and manner of distribution of collagen fibres is a 
matter of importance for an understanding of joint mechanics. 

It is the purpose of this paper to show that the amount of collagen in hyaline cartilage 
is much greater than has been commonly supposed, and that its distribution is exactly that 
called for by the impact of stress upon the articulating surfaces. 

Historical note—About a hundred years ago the matrix of hyaline cartilage was thought 
to be a homogeneous substance (Hassall 1849). Schafer (1891) noted that fibrous tissue was 
prolonged from the periosteum and joint capsule into the marginal (non-articulating) part 
of articular cartilage, but stated that the matrix did not contain fibres elsewhere. He 
mentioned that calcium salts might be found in the deepest layers of the cartilage of joints. 
Shipley (1928) denied the existence of fibres in hyaline articular cartilage. Ramon y Cajal 


* The earlier papers by Professor MacConaill under the same general title were printed in Vol. 30-B, 
p. 322 (May 1948), Vol. 31-B, p. 100 (February 1949), and Vol. 32-B, p. 244 (May 1950) of this Journal. 
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(1933) reported that cartilage had a ground substance ‘‘ composed of numerous collagen 
fibres embedded in a jelly of chondromucin,” but that, because the chondromucin had an 
index of refraction equal to that of the collagen fibrils, they were invisible unless treated by 
special reagents such as potassium permanganate or potassium hydroxide. Ruth (1946), 
using potassium hydroxide, showed that the articular cartilage of the new-born contains 
numerous fine fibrils of collagen. Benninghoff (quoted by Murray 1936) studied the problem 
extensively: he believed that the collagen fibres of hyaline cartilage, including articular 
cartilage, limit the deformation of the individual cartilage cells, and that their arrangement 
is such that they form capsules for these cells, and for specific groups of these cells 
(‘‘ chondrones ’’). That is, each cartilage cell functions as a “ bursal cyst,’’ which is prevented 
from bursting under deformative pressure by the resistance to tension of its collagen capsule. 
Benninghoff's views will be discussed at a later stage; they appear in his Lehrbuch (1939). 


MATERIAL AND METHODS 

An account of the material and methods used in the present study will be presented in 
the form of directions to those who may wish to repeat it. The material used was taken from 
the ox (four years old) and from adult human cadavers, fresh and preserved. The structure 
of the cartilage was essentially the same in all. 


T’ 


Fic. 3 
Different ways of sectioning a slice of articular cartilage. 
Free surface above, juxta-osseous surface below. RR’, a 
radial section. TT’, a tangential section. 
paratangential section. OO’, an oblique section. A 
paratangential section is an oblique section taken near 
the free surface. 


Method—Cut slices of articular cartilage from a joint surface; they should be parings taken as 
near to the bone as possible without including osseous tissue. Fix in 5 per cent formaldehyde 
solution, and embed in wax. Cut sections at 8,,. Some should be radial, some oblique sections 
(Fig. 3). The oblique sections display the essential arrangement of the collagen fibres much better 
than the radial sections. Mount the sections in Canada balsam or other suitable medium. Examine 
them 1) in plain light (transillumination); 2) by phase-contrast illumination; and 3) by polarised 
light. (If ‘‘ polaroid ’’’ polarising glass is used to make the polariser and analyser, the use of a green 
filter between the polariser and the slide, or of green light for illumination, will give better contrast 
than does the use of white or yellow light.) A rotating stage—or its equivalent—is needed in order 
to see all the details of structure. 

Treat other sections with 1/1000 potassium permanganate solution, immersing them for about 
one hour in the case of human material and slightly longer for bovine material. Wash the sections; 
mount some directly and stain others with collagen stains (acid fuchsin; aniline blue). The unstained 
sections will show the fine fibres and the general arrangement most clearly: collagen stains require 
an acid medium to make them “‘ take,’’ but the acid turns the collagen into a jelly, and the stains 
show the locus rather then the arrangement and form of the fibres. The depth of staining by 
collagen stains depends upon the length of time that the sections have been immersed in the 
permanganate bath. 
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RESULTS 


The results obtained will be described in detail, so far as they bear upon the mechanical 
structure of articular cartilage. 
The lamina splendens—Sections untreated and examined by ordinary illumination are 
uninformative. When they are examined by phase-contrast illumination they show a thin 
bright line at the articular surface of the cartilage. This is so conspicuous that it merits the 
name of lamina splendens (Fig. 4). It is to be remembered that what is a line in a section is 
a lamina in the whole specimen. The lamina splendens is devoid of collagen fibres. It is 
wholly composed of hyaline cartilage in the strict sense of the term and it is the only part 
of the articular cartilage that is purely hyaline. 
Chondrousia—The component of articular cartilage that is neither collagenous nor cellular 
will be termed here chondrousia (Greek ‘‘ cartilage substance ’’), a terminology which avoids 
biochemical presuppositions as to the precise nature of the non-collagenous component of 


A section of articular cartilage (84) mounted in clarite but 
otherwise untreated, viewed by phase-contrast illumination. 
16 millimetre objective. L.S.—lamina splendens. 


the chondromatrix. The chondrousia of the lamina splendens stains more lightly with stains 
such as lead haematoxylin than does the chondrousia elsewhere. The chondrousia is either 
removed by potassium permanganate or altered in such a way that the collagen fibres become 
visible in polarised light. It seems correct to say that the length of time taken by any given 
part of a section (of standard thickness) to be cleared by potassium permanganate is a measure 
of the amount of chondrousia in that part. Using this criterion we can make some estimate 
of the relative chondrification of different parts of one and the same articular cartilage. 

The collagen fibres—In ordinary illumination permanganate-treated sections show some large 
fibre-bundles (Fig. 5). In polarised light, the polariser and analyser being “‘ crossed,”’ these 
appear far more numerous, and those seen in ordinary light are seen more distinctly (Fig. 6). 
The direction of the fibres will depend upon the orientation of the section to the beam of 
polarised light passing through it: we must rotate the section in order to get the complete 
structure of the collagenous mass. But very often bundles of collagen at right angles to the 
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Fic. 5 Fic. 6 
Figure 5—Section of articular cartilage (8) treated with potassium permanganate and viewed by 
ordinary transillumination. 25 millimetre objective. Figure 6—Same section as in Figure 4 viewed by 
polarised light. The collagen bundles are clearly seen. Those not lying in the appropriate direction are, 
however, invisible. 


A section of articular cartilage from the 
lower end of the femur (human) viewed 
as in Figure 6 but through a 4-millimetre 
objective. The network of collagen fibres is 
seen _ some fibres crossing, some anastomos- 
ing. The inset shows diagrammatically 
the arrangement of a phorm-anastomotic 
network (see text). Some fibre-bundles 
interlace, some anastomose. The cartilage 
columns (here seen in transverse section) 
lie in the interstices of the network. 


THE JOURNAL OF BONE AND JOINT SURGERY 


4 
\ 
Fic. 7 Bi ° a. 
k 
\ 


THE MOVEMENTS OF BONES AND JOINTS 


visible bundles reveal their presence by their ‘“‘ darkness” (Fig. 7). When stained by 
aniline blue, or by acid fuchsin, the fibres that are visible in ordinary light take the stain 
more deeply than those that are invisible. This observation suggests that the potassium 
permanganate actually removes the chondrousia, probably by oxidizing it. Two facts may 
be recalled in this connection: 1) that articulating cartilage is not normally in direct contact 
with that chief oxidizing agent, the blood; and 2) that soft, mushroom growths are most 
common in the non-articulating parts of the articular cartilage, where the overlying synovial 
membrane provides an abundant blood-flow. 

The collagenous fibres of “ hyaline ’’ articular cartilage are arranged in bundles as large 
as those of articular fibrocartilage and as large as those of individual constituents of tendon 


Figure 8—The deployment of pressure in a compressed articular cartilage. The 
curved lines are the isobars of pressure generated by the travel of the compressing 
force (W) from the free surface to the osteochondral junction. T and T’ are two 
lines tangential to an isobar of pressure: they represent lines of tensile stress. 
Figure 9—The disposition of some of the collagenous fibres that take tensile 
stresses consequent upon the deployment of pressure (as in Fig. 8). T and T’—two 
lines of fibre, each tangential to a potential curved isobar. G.A.—the galea 
aponeurotica of the cartilage formed by conjunction of the juxta-synovial ends of 
the collagenous fibres (see text). 


or ligament. Thus hyaline cartilage (of joints) is white fibrous tissue impregnated with 
chondrousia and the articular surfaces are truly part of the fibrous joint capsule. Equally, the 
lamina splendens—in which cells may be found—is a hardened, or chondrified, continuation of 
the synovial membrane of the joint. The illustrations (Figs. 6 and 7) show how great a proportion 
of the articulating masses is formed by fibrous tissue. The arrangement of the articulating 
fibrous tissue is, however, more definite and regular than is that of the capsular fibres (Fig. 7). 
The individual fibres are not only interlaced but also anastomose with each other at intervals. 
Such an arrangement may be termed a phorm-anastomotic network (Greek doppos=plaited mat 
or basketwork). The anastomosing elements unite the several networks at different levels of 
one and the same cartilage. The cartilage cell-columns lie in the interstices of the 
phorm-anastomosis, and the collagen fibres (in part) take a spiral course around these 
columns. This arrangement confers great strength against tensile stresses upon the fibre 
mass and converts that mass into an effective whole. 


THE MECHANICAL PROBLEM AND ITS SOLUTION 


The mechanical problem to be solved within the joints is essentially this. When the 
joint comes to rest a force is taken by a relatively small area of cartilage and transmitted to 
a wider area of bone, the osteochondral junction (Fig. 8). This means that the force is 
*‘ deployed ’’ across the cartilage in the form of a pressure-wave; the diameter of the 
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wave-front increases as the wave nears the osteochondral junction. The wave is, of course, 
a surface, but appears as a line in section. This surface is an isobaric surface; that is, the 
pressure has the same value at every point (instantaneous wave-front). The strain 
(deformation) of the cartilage, however slight, is a shear-strain. At every point of the pressure 
wave-front there will be a tension stress of equal magnitude but at right angles to the lines, 
that is, tangential to it. In terms of physics, the tension lines are the orthogonal trajectories 
of advance of pressure. Two such tension lines are shown in Figure 8. The mechanical 
problem, then, is to arrange tension-resisting fibres in such a way that they will always be 
orthogonal to a pressure wave-front, from whatever direction it may come; or, at least, that 
a sufficient number of them should be so disposed at any one time. 

The solution of the problem depends upon the existence of a network of tension-resisting 
collagen fibres. This network must have its fibres disposed obliquely rather than radially 
(for the most part, anyway) for the tension stresses will not run in the shortest line from the 
lamina splendens to the bone, nor conversely. This means that the network will consist of 
fibres which are parts of laminae tangential to the possible wave-fronts (Figs. 8 and 9). The 
laminae nearest to the free surface of the cartilage will form a virtual galea aponeurotica 
beneath that free surface. This galea will be tense during maximal deformation, and it will 
then act as a reflector of an oblique (or transverse) pressure-wave—for this wave, like the 
stronger shock-wave of a bomb-blast, can be reflected. 


DISCUSSION 


The observations which have been recorded above are not in conflict with previously 
expressed views upon the structure of cartilage, except, of course, those of Shipley (1928). 
They are supplementary to earlier positive observations: they suggest that the mass of 
collagenous tissue in articular cartilage is greater than was formerly believed; and they define 
its arrangement more explicitly. In the writer’s opinion the ultimate structure of cartilage 
is essentially fibrous, as is that of bone; the difference between bone and cartilage lies in the 
nature of the impregnating substances. The cells exist to produce the fibres and the 
chondrousia; the fibres do not exist for the cells. That is, the protection afforded to the cells 
by the fibres is a secondary result of their coming into full tension, not a primary result. 
This is, perhaps, the chief difference between the writer’s views and those of Benninghoff. 
The difference in viewpoint centres mainly on the “ necessary ’’ disposition of a tension- 
resisting mechanism in such structures as cartilage. Benninghoff (1950) laid great stress upon 
the inferences he had drawn from the results of experiments in which the free surface of the 
cartilage was pierced with a fine awl. From these he argued to a predominantly vertical 
disposition of the fibres in the cartilage. Against this view the present writer would urge 
two facts: 1) that such a vertical disposition cannot be seen histologically in radial sections 
using the technique described, which shows fibres plainly in oblique sections; 2) that such a 
vertical disposition cannot be predicted from mechanical principles analagous to those invoked 
in comparable problems in civil engineering, while the oblique disposition can be so predicted. 
There are of course many vertical (radial) strands of collagen in articular cartilage; but they 
are not the predominating mass. 

Some support appears to be lent to the general thesis of this paper by the disposition 
of collagen fibres in the menisci of the knee and in other intra-articular fibrocartilages. 
These, like the articular cartilages proper, have both articulating and non-articulating areas: 
the former are central, the latter are peripheral. The central parts are never under great 
pressure when the parts are at rest. But whatever the degree of such pressure, its effect upon 
the meniscus is to produce a “ hoop-tension ’’; that is, a tension disposed in curved lines, 
like the tension in a segment of a wine barrel. This tension will be more marked peripherally 
than centrally, for the curved meniscus, under stress, can be compared to a bent beam: such 
a beam has one part (of smaller mean radius) a principal seat of pressure strain, and the 
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other part (of larger mean radius) a principal seat of tension strain. It is in the outer part 
(of greater mean radius) that we find the principal collagenous mass and it is disposed 
“ circularly,’’ as is well known. 

The orientation of the collagenous fibres in articular cartilage is probably the consequence 
of the strains to which the cartilage is subjected during post-natal development. There is a 
Law of Collagenisation: As iron filings are to a magnetic field so are collagen fibres to a tension 
field. Its truth can be demonstrated experimentally (Huxley and De Beer 1934); and it has 
been applied to elucidate the precise structure of the fascia lata femoris, and the significance 
of the coraco-acromial ligament (MacConaill 1944). Ruth (1946) has shown that the cartilage 
of the distal femoral epiphysis of the human new-born contains fine collagen fibres; but they 
are not arranged in any “ functional ” direction as are the adult fibres. Clearly there is much 
work yet to be done with profit in this field. 

The writer’s conclusions may be briefly stated thus: all articulating cartilages are 
fibrocartilages, and the density of fibrous material is normally proportional to the customary 
stresses on the part. 


SUMMARY 
1. All articulating cartilages are fibrocartilages. 

2. The articular cartilages of the synovial joints are largely composed of collagen fibres. 

3. These fibres form a dense network, the fibres of which run obliquely between the articular 
surface and the bone. 

4. This network is operative when the parts are at rest and in contact under pressure. It 
takes the tensile component of the resultant shear stress, and is a postural mechanism of 
the joint. 

5. The articular cartilage is most heavily chondrified at its centre, between the juxta-synovial 
and juxta-osseous parts. 

6. The technique for demonstrating the fibrous structure is described. 


I wish to thank Professor Alfred Benninghoff, Director of the Anatomical Institute of the University of 
Marburg, for personal information about his previous work; and Professor Frank Kane, of the Physiology 
Department of this College, for helpful criticism. 
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TARSAL MOVEMENTS 


EDMUND SHEPHARD, Lonpon, ENGLAND 


From the Orthopaedic Department, St Bartholomew's Hospital, London 


The importance of the tarsal joints in balance and locomotion is agreed, but views on 
their movements are conflicting. The present study is based on observation of movement in 
the living foot and in the cadaver, and on the anatomy of the joints, which are classified by 
their contours into recognised types. 

Definition of terms. Movements—Inversion and eversion (rotation of the foot about its 
long axis), adduction and abduction (rotation about a vertical axis) are sometimes considered 
incorrectly as isolated movements. It has long been recognised that they cannot occur 
independently and that inversion and adduction are always combined in the single movement 
of supination, as are eversion and abduction in the single movement of pronation. A further 
source of confusion is that inversion and eversion are often used loosely when supination and 
pronation are meant. The unequivocal terms supination and pronation, although less 
familiar, will be used here. 

Joints—The anterio: and posterior joints between talus [astragalus) and calcaneum [os calcis, 
calcaneus! will be referred to collectively as the subtalar ‘subastragaloid) joint. The 
talo-navicular {astragalo-scaphoid] joint and the calcaneo-cuboid joint will together be called 
the midtarsal joint, which is common usage among clinicians for the anatomist’s transverse 
tarsal joint or the eponymous Chopart’s joint. 


Fic. 2 
The functional joints of the tarsus. Figure 1—The only joints 
with a material range of movement are the subtalar, talo- 
navicular and calcaneo-cuboid. The two functional 
combinations of these joints are the peritalar joint (Fig. 2) 
and the midtarsal joint (Fig. 3). 


THE MOVEMENTS OBSERVED IN THE LIVING FOOT 


The only tarsal joints with mobility amounting to more than slight gliding are the 
subtalar, talo-navicular and calcaneo-cuboid joints (Fig. 1). When supination and pronation 
movements take place the talo-navicular joint is obliged to move, in combination with 
either or both of the other two mobile joints. The consequent functional combinations 
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are: 1) The talo-navicular and subtalar joints together allow movement of the remainder of 
the foot about the stationary talus; this combination will be referred to as the peritalar 
joint (Fig. 2). 2) The talo-navicular and calcaneo-cuboid joints together allow midtarsal 
movement (Fig. 3). 

In the living foot, with the heel firmly held in the hand and subtalar movement therefore 
prevented, a narrow range of supination and pronation is allowed by the midtarsal joint. 
With the heel free, a wide range of supination and pronation is allowed by the peritalar 
joint, and a small contribution is added by the midtarsal joint. In other words, the peritalar 
joint is much more mobile than the midtarsal. 


THE PERITALAR JOINT 

The subtalar and radio-ulnar joints show marked similarity (Fig. 4). The undersurface 
of the head and neck of the talus is received into the single or double concave anterior facet 
on the calcaneum as is the radial head into the radial notch of the ulna. The convex posterior 


Fic. 4 
The reciprocal concave and convex articular surfaces of the subtalar 
joint resemble those of the radio-ulnar joints. 


facet on the calcaneum is received into the concave posterior facet on the talus, as is the ulnar 

head into the ulnar notch of the radius. The axis of rotation of the radio-ulnar joints is known 
to be a line passing through the centre of the radial head and the attachment of the articular 
disc to the ulnar head; that is, through the centres of the circles of which the joints are 
ares (Fig. 5). The joints between the talus and calcaneum also form arcs of circles comparable 
to those of the radio-ulnar joints (Fig. 6), and the axis of rotation of the subtalar joint is the 
line ab, where a and + are the centres of the circles defined by the posterior and anterior 
joints respectively. The axis ab passes from the tuberosity of the caleaneum upwards, forwards 
and slightly medially to the neck of the talus, crossing the canalis tarsi. If a straight wire 
is drilled through the talus and calcaneum in the line ab, the two bones may be rotated on 
the wire with their articular surfaces in good apposition throughout. If the remainder of the 
skeleton of the foot is then secured to the calcaneum through the calcaneo-cuboid joint the 
talo-navicular joint is found to move smoothly in peritalar movement. The talo-navicular joint 
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structurally is of the ball-and-socket type, but the expected multiaxial movement is prevented 
by firm ligamentous attachment of the navicular to the cuboid and other bones of the forefoot. 
In peritalar movement the navicular hinges with the remainder of the foot around ab; for 
the talo-navicular joint to function smoothly ab must pass through d, the centre of the sphere 
defined by the talo-navicular joint (Fig. 6). Peritalar hinge movement about the oblique 
axis ab will produce supination and pronation as the only foot movements. Thus geometrical 
deductions from the curvatures of the articular surfaces are in accord with the observations 


LOWER END OF RADIUS 


HEAD OF ULNA/Z 


SUPERIOR RADIO-ULNAR JOINT INFERIOR RADIO-ULNAR JOINT 
Fic. 5 


ZHEAD OF RADIUS 


UPPER END OF ULNA 


POSTERIOR TALO-CALCANEAL JOINT 


ANTERIOR TALO-CALCANEAL JOINT 


Fic. 6 
Figure 5—The articular surfaces of the radio-ulnar joints form arcs of circles through the centres of which 
the axis of rotation must pass. Figure 6—The articular surfaces of the subtalar joint also form arcs of 
circles, and its axis of rotation, ab, is similarly determined. The axis passes through d, the centre of the 
sphere defined by the talo-navicular joint. 


made in the living foot (Fig. 7). The talo-navicular joint will be further considered later as 
part of the midtarsal joint. 

The ligaments of the peritalar joint—In a fresh cadaver all the tendons passing to the 
foot may be severed, and a range of movement obtained equal to that of the living foot. If 
a wire is then drilled through in the line ab, the foot may still be moved in the same manner 
and through the same range, showing that rotation about the axis ab of the peritalar joint 
can occur with the ligaments intact. The only strong ligament connecting talus to calcaneum 
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or navicular—apart from capsular thickenings, including the interosseous ligament—is the 
ligamentum cervicis (Wood Jones 1944), which passes from the sinus calcanei to the lateral 
aspect of the neck of the talus (Fig. 8). The paucity of ligaments is made good by the 
calcaneo-fibular part of the lateral [external lateral, fibular collateral) ligament of the ankle 
and calcaneo-tibial and tibio-navicular parts of the deltoid [internal lateral] ligament, 
which span both the ankle joint and the peritalar joint (Fig. 9). With the exception of the 
tibio-navicular part of the deltoid, these ligaments are approximately parallel to ab and 
thus well placed to maintain stability. 


Fic. 7 
Peritalar hinge movement about the oblique axis, ab (see Fig. 6) produces supination 
and pronation as the only foot movements. 


The muscles controlling the peritalar joint—The tendons of the supinators lying on the 
medial side and those of the pronators on the lateral side of ab have a general direction at 
right angles to the axis, so that they exert their pull with the greatest mechanical efficiency. 
The peroneal tendons lie at a greater distance from the axis than do the supinators, and thus 
have a greater mechanical advantage. All the tendons, except one slip from tibialis posterior, 
gain insertion only in front of the midtarsal joint, and thus tend to act on this as well as on 
the peritalar joint. 
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THE MIDTARSAL JOINT 

The midtarsal and elbow joints have several common features. Each consists of a 
saddle-shaped joint (humero-ulnar, calcaneo-cuboid) and a_ball-and-socket-shaped joint 
(humero-radial, talo-navicular). The saddle-shaped joints are not saddle joints functionally, 


Fic. 8 Fic. 9 
Except for capsular thickenings, the only important ligament 
connecting talus to calcaneum is the ligamentum cervicis (Fig. 8), 
which lies parallel with the axis of rotation of the peritalar joint. 
The ligaments which span both ankle and peritalar joint similarly 
lie roughly parallel with this axis, except the tibio-navicular part 
of the deltoid ligament (Fig. 9). 


because each allows rotation about a single axis only, rotation about a second axis being 
prevented by the contours concerned.* The hinge component of elbow movement occurs 
about the axis of the humero-ulnar joint (Fig. 10). The midtarsal joint hinges about the axis 
of the calcaneo-cuboid joint (Fig. 11); this axis is determined by the smooth curve on the 
cuboid, seen from above and medially, which receives a corresponding curve on the calcaneum. 
This midtarsal axis, cd, passes upwards, forwards and slightly medially, appearing to differ 
from ab, the peritalar axis. Since in midtarsal movement the talo-navicular and calcaneo- 


Fic. 10 


Figure 10—The hinge component of elbow movement takes place 
about the axis of the saddle-shaped humero-ulnar joint. Figure 11— 
Similarly the midtarsal joint hinges about the axis, cd, of the 
saddle-shaped calcaneo-cuboid joint. 


little cuboid joints move together, cd must pass through d, the centre of the sphere defined 
by the talo-navicular joint. 

Midtarsal movement about the oblique hinge cd produces the narrow range of supination 
and pronation which is observed in the living foot with the heel fixed. The midtarsal joint 


* This is almost, but not quite, correct. In pronation the ulna abducts slightly, and in supination adducts 
slightly. 
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lies between the forefoot and the hindfoot ; and the talus and calcaneum, forming the hindfoot, 
move in relation to each other in peritalar movement. It might be thought, therefore, that 
peritalar movement interferes with hinge movement at the midtarsal joint, but since both 
peritalar and midtarsal axes pass through d, the centre of the sphere defined by the talo- 
navicular joint, hinge movement at the midtarsal joint can occur whatever the position of 
the peritalar joint. 

The ligaments of the midtarsal joint—The bifurcated and long and short plantar are 
strong collateral ligaments of the calcaneo-cuboid joint, and the “ spring "’ (plantar calcaneo- 
navicular) ligament and the plantar fascia contribute to the stability of the midtarsal joint 
as a whole. 

The muscles controlling the midtarsal joint—The muscles are the same as those 
controlling the peritalar joint. 


CONCLUSIONS 


1) Supination and pronation are the only material tarsal movements; other terms describe 
their hypothetical components only. 

2) The subtalar and talo-navicular joints form a single joint functionally, which may be 
called the peritalar joint. 

3) Peritalar movement comprises a wide range of supination and pronation of the foot about 
an axis which passes from the tuberosity of the calcaneum upwards, forwards and slightly 
medially to the neck of the talus. 

4) Midtarsal movement comprises a narrow range of supination and pronation of the foot 
about an axis similar to that of peritalar movement. 


5) The peritalar and midtarsal joints are thus oblique hinge joints. 
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SPECIMENS FROM THE HUNTERIAN COLLECTION 


R. J. Last, Lonpon, ENGLAND 


3. The Genicular Arteries (Specimen S 142 A) 


The structures illustrated in the colour photographs on pages 265 and 266 can be identified 
by reference to the drawings reproduced with them. 
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MED. POPL, N, 


INF, MED, GENIC, A, LAT. POPL. N. 


POPLITEUS MUSCLE. 


PLANTARIS TENDON. 


Drawing from Specimen S$ 142 A. 


The cause of thrombosis of the popliteal artery might be associated with three separate 
factors. First, the artery is held relatively immobile against the back of the knee by the 
short middle genicular artery (in this specimen there are two). Second, fibrous bands often 
hold the artery fixed to the oblique posterior ligament of Winslow. Third, the artery may 
have, as here, an unusual course. 

In this specimen the popliteal artery bifurcates at the upper border of the popliteus 
muscle and the anterior tibial artery runs down between the popliteus and the tibia. The 
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whole popliteal artery may do this; indeed, in the embryo it does so, constituting the axial 
artery to the leg. The opening up of an anastomotic channel on the posterior surface of the 
muscle, forming the definitive adult popliteal artery, is a later foetal event. Persistence of 
the foetal form is not uncommon; it would be interesting to know how often this is associated 
with thrombosis or other arterial phenomena in the leg. A vessel lying between popliteus 
muscle and the tibia would be expected to be compressed or irritated during contraction of 
the muscle. 


DESCENDING GENICULAR A. 


HIGH DIVISION OF 
POPLITEAL A. 


SsuP. MED. 
GENIC. A. 


SEMIMEMBRANOSUS 


/ 


PATELLAR RE 


MEDIAL LIGT. 


SARTORIUS 


Drawing from Specimen S 142 A. 
g I 


The inferior lateral genicular artery lies beneath the lateral ligament of the knee and 
passes thence horizontally forwards, lying on the lateral meniscus, where it may be visible on 
the lateral profile of a soft antero-posterior radiograph of the knee. 

The medial ligament of the knee is separated from the medial condyle of the tibia by 
the tendon of semimembranosus and from the upper end of the shaft of the tibia by the 
inferior medial genicular artery, veins and nerve. The medial ligament is attached to the 
tibia a hand’s breadth below the level of the joint. 

The branch of the popliteal artery to the two heads of the gastrocnemius is a very 
constant vessel. 
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CITRIC ACID AND CALCIUM METABOLISM 


T. F. Dixon, Lonpon, ENGLAND 


From the Institute of Orthopaedics, Royal National Orthopaedic Hospital 


Recently there has been increasing realisation of the important part played by citric acid 
in the body’s metabolism. Thus administration of pyruvic acid, the intermediate metabolite 
common to the utilisation of carbohydrate, protein and perhaps fat, causes increased urinary 
excretion of citrate. Many tissues can form citrate by condensation of pyruvate and oxalacetate 
followed by reduction, and Krebs (1937) postulated the existence of a tissue respiration cycle 
in which pyruvate and oxalacetate yielded a succession of six carbon acids, among which was 
citric acid, until by loss of hydrogen and carbon dioxide oxalacetate was regenerated ready to 
continue the cycle with another molecule of pyruvate (Fig. 1). 

Since Dickens (1941) showed that the skeleton contains 90 per cent or more of the body’s 
citric acid and Class and Smith (1943) demonstrated its presence in various body concretions, 
evidence has been accumulating that this substance plays an important part in the metabolism 
of bone. Schersten (1931) found that the citrate content of the whole blood of man varied 
from 1-5 to 4-0 milligrams/100 millilitres; whereas, according to Pucher, Sherman and Vickery 
(1936), that of the dog is slightly lower, from 0-9 to 1-9 milligrams/100 millilitres. Several 
factors influence the blood citrate level. Boothby and Adams (1932) have shown that it 
decreases with advancing age and Agrell (1946) has demonstrated a rise after muscular 
work. The blood level was found by Smith and Orten (1938) to be dependent on the dietary 
citric acid and is increased by oral administration of citrate or citrate precursors such as 
lactate, malate, fumerate or succinate. According to Ostberg (1931) values for the normal 
daily citrate excretion of human adults vary from 0-2 to 1-0 grammes and lower results are 
found in dogs. The citric acid is evidently the product of endogenous metabolism since 
Sherman, Mendel and Smith (1936) have found that it continues to appear in the urine 
during starvation. During the menstrual cycle variations occur in urinary citrate, and 
decreases are observed after oestrogen administration according to Shorr, Bernheim and 
Taussky (1942). 

The metabolism of calcium has long been thought to be associated with that of citric 
acid. Thus citrate has been shown by Pincus, Peterson and Kramer (1926) to form a soluble 
complex with calcium and it has been assumed that such a soluble complex exists in blood 
and accounts for the non-ionisable part of the diffusible fraction of serum calcium. Gomori 
and Gulyas (1944) showed that citrate injections in dogs made serum calcium more 
ultrafilterable so that a rapid urinary excretion of calcium took place. The state of calcium 
in the blood stream appears thus to influence its urinary excretion, and if the diffusible 
fraction of serum calcium is increased then the glomerular filtration rate may also be increased. 
Chang and Freeman (1950) injected neutralised citric acid into dogs and similarly found not 
only increased plasma and urine citrate but also marked urine calcium increases. On the 
other hand, calcium chloride injections produced no change in plasma citrate but reduced 
urine citrate. 

Alwall (1944) showed that parathormone produced not only a raised serum calcium but 
also a parallel rise in serum citrate. Increases in both urine calcium and citrate have been 
found by Shorr, Almy, Sloan, Taussky and Toscani (1942) after parathormone injections in 

a hypoparathyroid patient, and similar results were produced in a hyperparathyroid patient 
with calcium injections. In Gomori’s experiments above, in which dogs were injected with 
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citrate, microscopic examination showed hyperaemia and oedema of the bone marrow, 
transformation of osteoblasts into spindle cells, increase in numbers of osteoclasts far beyond 
normal, fragmentation of trabeculae and areas of early fibrosis—a picture seen after toxic 
doses of parathormone. 

Vitamin D is known to raise serum calcium levels when administered in small doses to 
rachitic animals and in much larger doses to normals. When such excessive doses are given 
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Fic. 1 
Tricarboxylic acid cycle (after Krebs). 


to normal or to parathyroidectomised dogs Freeman and Chang (1950) found not only that 
the serum calcium is raised but also the serum citrate. They suggested that excess vitamin D 
increases the liberation of calcium and citrate from the bone reservoir. Shohl and Butler (1939) 
showed that citrate had an action similar to that of vitamin D in rickets. This has been 
explained by Glanzmann, Meier and Walthard (1946) as follows: In the absence of vitamin D 
most of the calcium which may have dissolved in the acid medium of the stomach is 
reprecipitated as insoluble calcium phosphate at the more alkaline reaction of the intestine 
and thus eliminated in the faeces. With citrate in the diet, soluble unionised calcium citrate 
does not reprecipitate to form insoluble calcium phosphate (or insoluble calcium phytate if 
phytic acid from cereals is present). On a milk diet, for example, citrate in a like manner 
may prevent the formation of insoluble calcium soaps with the milk fatty acids. The citrate 
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part of the calcium citrate circulating in the blood may be oxidized away at ossifying zones 
leaving calcium free for bone salt formation. 

Kuyper’s (1938) experiments indicate that the precipitate of calcium, phosphate and 
citrate formed in vitro in the presence of suitable concentrations of these substances is 
actually a complex of these three such as may exist in bone. Since Sobel, Rockenmacher 
and Kramer (1945) found that changes in the calcium and phosphate contents of the diet 
produce parallel changes in their blood levels and in turn in their contents of bone, one is 
tempted to speculate whether the same close correlation would not be found in the case 
of citrate. 

The kidneys and parathyroid glands have long been recognised as intimately related to 
the metabolism of calcium and phosphorus. Thus patients with advanced renal insufficiency 
frequently have hyperplasia of the parathyroid glands. According to Albright and Reifenstein 
(1948) the kidney insufficiency produces phosphate retention with a compensatory low serum 
calcium level as adjustment to the high serum phosphate, and parathyroid hyperplasia to 
meet this tendency. A theory of parathormone action (Ellsworth 1932) regards a decreased 
tubular reabsorption of phosphate as the first step. Thus phosphaturia leads to 
hypophosphataemia and a reciprocal rise in serum calcium. The rising serum phosphate 
levels after vitamin D administration are attributable only in part to increased phosphate 
absorption and mainly to the decreased parathyroid activity resulting from the raised serum 
calcium. It therefore seems that vitamin D has an effect similar to that of parathormone in 
increasing urinary phosphate excretion and that this effect of vitamin D is separate and 
distinct from its effect in increasing calcium absorption from the intestine. The kidney is 
also concerned in citrate metabolism. Thus experiments of Martensson (1940) showed that 
the serum of nephrectomised rabbits had four times as much citric acid as normals and that 
renal parenchyma oxidized citric acid rapidly. Similar observations have been made by 
Freeman and Chang (1950) in dogs and it has been found also that citrate injections produced 
much greater increases in plasma levels in nephrectomised animals compared with normals 
whether the normals had their ureters ligated or not. The kidney thus appears to be the main 
site of removal of circulating citrate. Support for this view comes from the work of Buffa and 
Peters (1949) who used fluoracetate in vivo to jam the citric acid cycle in rats so that citrate 
accumulated. Although increases in citrate were recorded in most tissues after fluoracetate 
poisoning, the kidney showed by far the largest, reaching seventy times its normal citrate 
content. 

Whereas the metabolic relationships of calcium and phosphorus are determined by their 
physical properties and indestructable nature so that retentions of these substances are easily 
followed from the differences between their intakes and excretions, it must be remembered 
that the prominent position in intermediary metabolism occupied by citric acid makes its 
concentration in a particular organ or fluid independent of intake. Thuya rise in blood citrate 
does nor necessarily result from either increased food citrate or from mobilisation from the 
bone reservoir, but may merely indicate an interruption of the citric acid cycle. 

Precisely how all these observations fit into calcification mechanisms is not clear at 
present, but the function of citrate in bone certainly requires increased attention. 
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AN IMPROVED SPLINT FOR RADIAL (MUSCULOSPIRAL) 
NERVE PARALYSIS 


F. Br1AN THOMAS, HEREFORD, ENGLAND 


The new model of this spring splint for radial nerve paralysis—originally described by 
the writer in 1944— is an improvement in that it allows movements of the wrist. The patient 
with wrist-drop appreciates the ability to flex the wrist in many activities—particularly 
writing. The appliance is simple in design and weighs only 2} ounces. It requires no straps 
to hold it in place, and can be worn over the shirt sleeve and under the jacket. 

Construction and use of the splint are shown in the drawing (Fig. 1) and the photographs 
(Figs. 2 and 3). The thumb wire is detachable in order that the same splint can be used for 


right and left hands. 


FINGER ROD. 


FINGER WIRE 


COIL SPRING 


RUBBER PADDING 


ALUMINIUM PLATE 


THUMB WIRE 


FOREARM LOOP 
HAND LOOP— 


(All sleeved with 
polythene tubing) 


Fic. 1 
Detail drawing to show construction of the splint. 


Fic. 2 Fic. 3 
The splint in use. Note how the springs permit a wide range of movements. 
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In putting on the splint the affected hand is passed through the forearm loop, and the 
finger tips manoeuvred into the hand loop; the coil spring is then grasped between the index 
finger and thumb of the opposite hand and lifted strongly upwards to raise the aluminium 
plate clear of the knuckles. The hand can then be slipped home into its loop. 

If the splint is to be comfortable and fully effective it must be correctly adjusted. The 
hand and forearm loops can be bent to fit any size of limb. The padded aluminium plate 
must lie over the proximal half of the back of the hand, and it may need bending for a 
snug fit; when the wrist is flexed the plate moves with the hand, to which it should remain 
closely applied in all positions of the wrist; there should be no relative movement between 
plate and hand. The loop of the thumb wire must lie just distal to the interphalangeal 
crease on the palmar aspect of the thumb. The loop can be bent proximally or distally to 
secure a correct fit. The finger wire passes between the third and fourth fingers, and the 
finger rod must lie across the proximal interphalangeal joint of the middle finger. If any 
adjustment is required here, the finger wire may be bent at the point where it is angled 
through 90 degrees. The splint fits most hands without modification, and adjustments are 
necessary only when fitting the appliance to a small hand. 

Although intended primarily for radial nerve palsy, there are other uses to which this 
splint has been put. 1) Patients with weakness or paralysis of the extensors of the wrist and 
fingers after poliomyelitis find the appliance a great help, and it can be worn continuously 
whilst awaiting recovery or tendon transplantation. After tendon transplantation for wrist 
drop, the wearing of the splint helps to rehabilitate the hand by providing exercise for the 
fingers and wrist against spring resistance. This mobilises stiff fingers and strengthens the 
grip. 2) The splint has been fitted to patients with wrist and forearm fractures after 
removal of plaster. Patients wearing it have regained normal strength and mobility of the 
hand and wrist more rapidly than could be expected with free active use. 3) Mild spastic 
flexion of the wrist and fingers can be controlled by the splint. If considerable flexion 
spasm is present, the splint Should not be used because excessive pressure on the palm is 
liable to produce a pressure sore. 


The spring components of the appliance are being made from stainless steel by Messrs Herbert Terry & 
Sons Ltd. The complete splint may be obtained from Messrs Chave & Jackson Ltd., Hereford. 


REFERENCE 
Tuomas, F. B. (1944): A Splint for Radial (Musculospiral) Nerve Paralysis. Journal of Bone and Joint 
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AN IMPROVED STAPLER 


G. M. MULLER, Lonpon, ENGLAND 


From the Institute of Orthopaedics, Royal National Orthopaedic Hospital 


This stapler* was designed to meet the need for an easy and effective means of stapling 
in order to control epiphysial growth, particularly at the knee. Essentially it is a double-ended 
punch which will hold, at one or other end, staples of any size suitable for bridging the lower 
femoral or upper tibial epiphysis. 

The punch, knurled for firm grip, is seven inches long and has a diameter of § inch. 
One end, for a distance of an inch, is expanded to a diameter of { inch. Each end bears a 


Fic. 1 


slot, ~; inch deep, in which a staple may be gripped by turning a grub screw about 60 
degrees with a wrench key. At right angles to this slot there is provided, at the smaller end, 
a slot #4 inch deep, and at the larger end, a shallow groove. 

When the instrument is used, a staple, held in the deep slot of the appropriately 
sized end, is driven into the bone half-way home with a mallet. The screw is relaxed, and 
the inch slot, instead of the deep slot, is made to engage with the staple so that it can be 
driven farther. Finally, using the shallow groove, the staple is driven fully home. 

The type of staple under trial is oblong in section and has chisel ends with the bevel on 
the outside. This is thought to have an advantage over staples of round section because a 
greater surface of each staple is opposed to the forces of growth, so that two staples might 
do the work of the three round staples generally used at each edge of an epiphysial plate. 


* The instrument and staples are made by the London Splint Company Ltd., 69 Weymouth Street, 
London, W. 1. 
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PIONEERS OF OSTEOGENY 


FREDERICK AUGUSTUS DIXEY 


Jessie Dosson, Lonpon, ENGLAND 


Recorder, Royal College of Surgeons of England 


That Frederick Augustus Dixey, the leading authority on the White Butterflies (Pierinae), 
was in his earlier years a pioneer in osteogeny is a fact that escaped emphasis in his biography 
published by the Royal Society in 1935. It is probable that those very few anatomists who 
have first-hand knowledge of his neglected anatomical papers in the Proceedings of the Royal 
Society in 1880 have never linked their authorship with the man whose lasting reputation 
rests so firmly on his researches into the phenomenon of mimicry among butterflies. 

Dixey was born at No. 3 New Bond Street 
on December 9, 1855. His grandfather, C. W. 

Dixey, was optician to Queen Victoria and his 

father followed the same profession. After 

receiving his early education under Dr Dyne at 

Highgate School, he was in 1874 elected to a 

classical scholarship at Wadham College, Oxford, 

and graduated B.A. in 1878. His parents had 

by this time moved to Highgate and lived near 

the Schafer family; his sister Maud later became 

the first wife of Sir Edward Sharpey-Schafer. 

From 1880 to 1883, Dixey was Demonstrator of 

Physiology at University College, London, but 

he returned to Oxford and in 1884 took his B.M. 

and B.Ch. degrees. In 1885 he was elected Wills 

Medical Fellow of Wadham, and gained his D.M. 

in 1891. During the following years he became 

successively Science Tutor, Junior Bursar 

(1891-1906), Bursar (1906-27) and Sub-Warden 

from 1916 until his Fellowship expired in 1927, 

when he was elected Emeritus Fellow and later 

Honorary Fellow. For thirty-nine years he was a 
a governor and member of the committee of Avaveres 1608-1088 
management of the Warneford Hospital, Oxford. 

These are only a few of the many offices he held during a period in which a large proportion 
of his time was also devoted to students’ activities, for he took great interest in his college 
boat club and college musical society. 

By 1890 his entomological work was beginning to receive recognition, and he was elected 
President of the Entomological Society of London in 1909. In the following year he became a 
Fellow of the Royal Society. He was a convinced Darwinian, as is testified in one of his 
writings referring to mimicry, in which he says: “ It may safely be affirmed that no explanation 
which ignores the principle of natural selection will be found to cover the facts.”’ Similarly, 
in his paper, “‘ On the epidermis of the plantar surface and the question of use-inheritance "’ 
(1894), he concludes that the thickening of the skin of the sole of the human foot, which is 
present in the embryo, “ would, therefore, seem to admit of a far more easy explanation under 
the theory of natural selection pure and simple than under that of use-inheritance.”’ 
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Dixey greatly enjoyed foreign travel and visited South Africa, Australia and Canada. 
On these journeys he was able to observe insect life and make the collections that formed 
the basis of his entomological studies. 

In 1935, on one of his visits to London to fulfil several engagements, including the annual 
meeting of the Entomological Society, he was knocked down by a motor car while crossing 
Park Lane. He died two days afterwards on January 16 in St George’s Hospital. Although 
he was then in his eightieth year we know from his own words that he had plans for many 
more lines of research, and his son has said that “ he died with his mind full of all the work 
he hoped to do.” It has been said of him that he had a marvellous memory and never forgot 
anything he read. He has been described as “ the perfect example of a Christian layman— 
never obtrusive or fussy, but always quietly ready to help, and the help he gave was valuable 
and disinterested.” 

His writings on medical subjects covered a wide field and, besides his work on the 
ossification of the terminal phalanges of the digits, included such diverse topics as the question 


Fic. 1 


Sagittal section through the terminal phalanx of the right little finger of a 
four-month human embryo. (Reproduced here, by permission, from the 
Proceedings of the Royal Society 1880, 1.) 


of evolution, the etiology of epidemic influenza, and the clinical study of diphtheria. It is 
for his research on the first of these subjects that he should be remembered as a pioneer in 
osteogeny, for he was original in pointing out that, contrary to the generally held opinion, 
the bones of the appendicular skeleton were not uniformly preceded by cartilage. His studies 
clearly demonstrate that, though the shaft of the terminal phalanx of the digits is ossified in 
cartilage, the tip and ungual tuberosity are ossified in membrane. He also suggested that the 
extent of deposition of new membrane bone most probably bore a relation to the conformation 
of the future nail, claw or hoof. In his paper on this subject (1879) he says: “‘ The expanded 
portion of the phalanx which bears the nail, claw or hoof is entirely formed by an outgrowth 
of the subperiosteal bone and is not preceded by cartilage.’’ This account is amplified in a 
further paper (1880) in which he says: 

“‘In the ungual phalanx it (the ossification in cartilage) is first seen to arise in the tip or distal 
extremity of the cartilage, from which it spreads gradually backwards towards the base of the 
phalanx. Similarly, the subperiosteal deposit of membrane bone in all other cases begins as a thin 
and narrow ring surrounding the shaft and placed midway between the two extremities, that is 
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to say, in direct relation with the spot where the cartilage first begins to calcify; in the ungual 
phalanx, however, still preserving its relation with the point of commencing calcification in the 
cartilage, the deposit of subperiosteal bone first appears as a thin layer closely applied to the tip 
of the cartilage and fitting over it like a cap . . . The deposition of new bone along the outer surface 
of this cap or thimble may take place relatively much more quickly at the summit than at the 
sides, so that an expansion is formed, which may be of considerable size and which no doubt bears 
a relation to the conformation of the future nail, hoof or claw. The next stage in the development 


of the bone is marked by the irruption of the subperiosteal tissue with blood vessels and osteoblasts 
into the shaft at or near the point where the cartilage first began to calcify. This point in all other 
cases will be found about the middle of the shaft, but in the ungual phalanx, as has been seen, at 
the tip.” 

In Figure 1, which shows a sagittal section through the terminal phalanx of the right 
little finger of a human foetus at about the fourth month, the point at which this deposition 
of membrane bone takes place is indicated by the letter 7. In conclusion, Dixey says: ‘‘ In the 
development of the ungual phalanx the three processes of cartilage ossification, growth of the 
subperiosteal intramembranous bone, and deposition of true bone in the shaft along the line 
of advance of the osteoblastic ingrowth, take the distal extremity of the shaft instead of its 
middle for their starting point, and proceed in one uniform direction from tip to base, instead 
of advancing in two contrary directions at the same time. Hence it seems that the distal 
extremity of the ungual phalanx corresponds morphologically with the centre of the diaphysis 
in other long bones.”’ 

In mentioning the work of other writers, Dixey in this same paper pointed out that 
Rambaud and Renault (1864) made no attempt to describe the process of ossification in the 
phalanges nor did they estimate the respective parts played by the cartilage and the 
subperiosteal membrane. In criticising the work of Kassowitz (1880) he makes comment 
that ‘ Dr Kassowitz, while correctly describing the appearances presented by the terminal 
phalanx in a certain stage of its growth, has failed to draw the proper inferences from them.” 

Dixey’s valuable contribution to the science of osteogeny has been largely overlooked 
because it was communicated to the Royal Society by Schafer and was incorrectly indexed 
as Schifer’s work. Even when Dixey’s original conclusions have been referred to in the 
literature they have usually been attributed not to their author but to the friend who 
communicated them to the Royal Society. 

The main conclusions derived from Dixey’s original work on the ossification of the ungual 
phalanx are mentioned in Ernst Grafenberg’s paper, ‘‘ Die Entwicklung der Knochen "’ (1906) 
and in Quain’s Anatomy (1915). 
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IN MEMORIAM 


A. S. BLUNDELL BANKART 
1879-1951 


The sudden death of Bankart on April 8 deprives us of yet another of the giants of 
surgery who were the creators of modern orthopaedics. 

Arthur Sidney Blundell Bankart was born in 1879, son of James Bankart, F.R.C.S., of 
Exeter. He was educated at Rugby School, at Trinity College, Cambridge, and at Guy’s 
Hospital. Qualifying in 1906, he served first as house-physician and then as house-surgeon 
at his own hospital, and later became surgical registrar and tutor. He must have been 
attracted to surgery from the first because he lost no time in obtaining the academic 
qualifications, being admitted Fellow of the Royal College of Surgeons of England in 1909, 
and Master of Surgery of the University of Cambridge the following year. During this 
period he came under the influence of Arbuthnot Lane who was then perfecting the “ no 
touch ’’ technique and this stimulated his interest in bone and joint surgery to such effect 
that, in 1909, he became the first surgical registrar at the Royal National Orthopaedic 
Hospital which had that vear been formed by amalgamation of the Royal Orthopaedic 
Hospital in Hanover Square, the National Orthopaedic Hospital in Great Portland Street, 
and the City Orthopaedic Hospital in Hatton Garden. It was here that he first had freedom 
as an operating surgeon and developed the precise and amazingly fast technique that was 
the envy of his pupils. He was fond of telling how, when the surgeons went away for their 
summer holidays—and it seems that they all went at once—he discharged all the old 
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patients and brought in a full complement of new ones; these he operated upon without 
delay, working the operating theatre staff as never before, and achieving a record turnover. 
He liked the actual business of operating more than any other aspect of his work, and right 
to the end of his career he thought the ideal way of spending a day was an eight-hour 
operating session. 

In 1911 Bankart was appointed in quick succession Surgeon to the Maida Vale Hospital 

for Nervous Diseases, Assistant Surgeon to the Royal National Orthopaedic Hospital, Surgeon 
to the Belgrave Hospital for Children and Surgeon to the Queen’s Hospital for Children. 
That was at a time before the modern surgical specialities had developed, and he was 
practising simultaneously in orthopaedic surgery, in neurosurgery and in the surgery of 
children. He must indeed have been a busy man and small wonder he learned to work so 
quickly and acquired the characteristic walk that was almost a run and was the despair of 
generations of house-surgeons who could barely keep up with him. He always preferred to 
run up several flights of stairs rather than to wait a minute for the lift. The first world war 
found Bankart working harder than would be possible for most men; so he was not taken 
into the Army, but instead he added a number of the smaller military hospitals to his burden; 
and, after Shepherd’s Bush was opened, Robert Jones brought him into the fold to work 
there as well. 

His appointment as Surgeon to the Maida Vale Hospital for Nervous Diseases in 1911 
marked the beginning of an interesting phase in his career. From 1911 to 1933, when he 
resigned from the staff, he carried out the major part of the surgery at that hospital. And 
after appointment as Orthopaedic Surgeon to the Middlesex Hospital, he performed as well, 
at the behest of Dr Campbell Thomson, neurologist to the Hospital, much of the neurosurgical 
work there, and continued with it almost up to the beginning of the last war. He was perhaps 
more interested in spinal than cranial surgery. He was certainly very successful with spinal ; 
operations and was one of the first in this country to perform lateral cordotomy for the ; 
relief of pain. He was a great admirer of Charles Sherrington and took a close interest in 
experimental work in the nervous system. Indeed it was probably this that gave him the 
factual approach to the treatment of disease that he retained throughout his life. 

The first world war was a period of rapid expansion for orthopaedics and at its conclusion 
the London teaching hospitals, or most of them, appointed orthopaedic surgeons to their 
consulting staff. Bankart at that time was at the height of his ability and he was most 
disappointed not to be elected to the staff of Guy's, his own hospital, but in 1920 he : 
was appointed to the Middlesex as its first orthopaedic surgeon. He gave up some of his 7 
lesser commitments so that he could devote more time to the task of building his new : 
department, but it was uphill work and many years were to pass before he made much ; 
progress. At first he had one out-patient clinic a week, but no beds except such as he could ; 


borrow from the less conservative of his colleagues. When finally he convinced them that 
orthopaedics had passed out of the strap and buckle stage, he was rewarded with three male 
and three female beds in his own right, and a few cots in the children’s ward. It was not 
until the new hospital was completed in 1935 that he had his own wards, and the organisation 
of a unified fracture service was delayed until after the second world war. When his assistant 
surgeon went into the Army he ran the department, together with an additional 100 temporary 
beds at Mount Vernon Hospital, with little help except from student house-surgeons, and 
although he reached the official retiring age in 1944, he gladly continued for a further two years. 

Bankart made many contributions to orthopaedics, the best known being his operation 
for recurrent dislocation of the shoulder. When he first described it in 1923, it did not attract 
much notice outside the circle of his immediate colleagues. He was not interested in publicity 
and showmanship, and scorned present day morals which allow a surgeon to take a 
new operation on tour complete with a “ premiére”’ followed by a “ general release.” 
He believed that if an idea were good it would soon enough be accepted by others. Indeed 
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that was the case here because a further paper on this operation that he published in 1938 
was well received; and although surgeons as a whole were slow to adopt it, perhaps because 
it is technically a little difficult, it is now performed throughout the world. It is probably 
the only procedure for the treatment of recurrent dislocation of the shoulder that can be 
relied upon, and upwards of a hundred different operations have been described. 

In addition to his own contributions, Bankart had a great influence on British orthopaedics 
as a whole because of the directness of his approach which excluded careless thought and 
slipshod work. He was quick to debunk unsound or superficial argument, and the publication 
of a paper based on false premises was almost certain to invoke the quick response of a letter 
by his caustic pen in the weekly medical press. But Bankart was not opposed to new ideas; 
indeed he welcomed them and was quick to try out any new operation that had a logical 
basis. He was equally prepared to investigate a procedure that gave good results although 
the reason was not apparent. His attitude to manipulative surgery is a good example. He 
was confronted in his daily practice by patients with a variety of complaints who failed to 
respond to the orthodox treatment of contemporary practice, and yet afterwards were quickly 
relieved by bone setters. He set out to investigate this phenomenon and became acquainted 
with Herbert Barker, who was famous as an unqualified manipulator, watched him work 
and saw his patients afterwards. As a result, Bankart was convinced that patients with 
certain ailments were helped by manipulation whereas he himself would not have benefited 
them (and on the other hand Barker was a wise enough man to learn something from Bankart 
of the dangers of indiscriminate manipulation). Bankart therefore began to perform 
manipulations himself, found out when it was indicated and added the technique to his 
therapeutic armamentarium. He reduced the claims of manipulators from “ miracles” to 
plain facts, showed how simple the procedure was, made it respectable and put it on the 
orthopaedic map. The culmination of this work was his book, Manipulative Surgery, 
published in 1932. 

Bankart’s position as a power in orthopaedic surgery was recognised by his colleagues 
from the first, and as he matured he was granted the highest honours they could bestow. 
In 1913 he became the first honorary secretary of the newly formed Sub-section of Orthopaedic 
Surgery of the Royal Society of Medicine, and in 1935 he was elected president. He was a 
Founder Member of the Société Internationale de Chirurgie Orthopédique et de Traumatologie 
and an Honorary member of the Société Frangaise d’Orthopédie. He was a Founder Member 
of the British Orthopaedic Association, Honorary Secretary from 1926 to 1931, and in 1932 
and 1933 he had the distinction of serving as its President. 

Bankart had few hobbies and his life centred around his surgery. In the evenings he 
was to be found as often as not in his study in his lovely home in Edwardes Square surrounded 
by open books and with a part skeleton or a new instrument in his hand. Pondering his vast 
clinical experience and drawing on his great knowledge of physiology, he elaborated the 
theories on which he based his daily practice. A man of strong convictions and supreme 
personal honesty, he could not be diverted from the course he believed to be true; and when 
he had decided that a certain procedure was the best, even when he had devised a new 
operation, it was practised on the next occasion it was called for, were the patient a 
millionaire or a dustman. 

Although a man of courtly bearing and great charm, he did not easily establish intimate 
personal relations with his colleagues. This often puzzled those who were attracted by his 
manner and the obvious frankness of his character, but failed to understand that he was a 
shy man. He was a connoisseur of life and appreciated the good things it holds, especially 
other people. He really did enjoy other people, and once his shyness was overcome he 
contributed to the company in full measure. Bankart was a friend above price, never veering 
with the wind. Tolerant of error, intolerant of fools, a giant amongst men. P. W. 
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GREAT BRITAIN 


ROYAL COLLEGE OF SURGEONS OF ENGLAND 
HUNTERIAN LECTURES 

Professor Ruth E. M. Bowden delivered a Hunterian Lecture on Factors Influencing Functional 
Recovery of Peripheral Nerve Injuries in Man, on February 28, 1951. She said that the recovery 
of function after peripheral nerve injuries could be assessed in terms of restoration of voluntary 
movement and cutaneous sensibility, but this measure was too limited, for the success of treatment 
was to be judged by the patient’s ability to enjoy a full and useful life. Many factors influenced 
the final result: amongst them were the nature of the lesion in the nerve trunk; the changes in 
voluntary muscle and skin during denervation and re-innervation; the mobility of the joints; the 
nature and duration of treatment; and finally the adjustment of the patient to his disability. 
Although knowledge was far from complete, an analysis of the part played by these factors was 
helpful as a guide to treatment and prognosis. 
Other lectures—Among other recent Hunterian Lectures delivered in the Royal College of 
Surgeons was that by Professor P. G. L. Essex-Lopresti on Fractures of the Os Calcis; and that 
by Professor Arthur Naylor on Brachial Neuritis with Particular Reference to Lesions of the 
Cervical Intervertebral Discs. 


BRITISH ORTHOPAEDIC ASSOCIATION 
SPRING MEETING, 1951 
The spring meeting of the British Orthopaedic Association was held in Cambridge on April 6 
and 7, 1951, under the presidency of Mr S. L. Higgs. Scientific papers were presented, and on the 
afternoon of the first day of the meeting a wide variety of clinical cases was shown at Addenbrooke's 
Hospital. 


Symposium on Congenital Dislocation of the Hip 


Intermediate-late results of standard methods of treatment—J/r H. ]. Seddon (london), 
opening the symposium, reviewed the results of treatment carried out at the Royal National 
Orthopaedic Hospital during the first forty years of this century. Of the total of 889 patients 
treated, 264 had been re-examined recently;* in all of them treatment had been begun ten to 
forty years previously. Only half the patients were less than three years old at the time treatment 
was begun. In three-fifths of the cases treatment had been by manipulative reduction and 
immobilisation in plaster, and in half of these the results were still good. In the remaining 
two-fifths operation had been required at some stage. Operative treatment had been undertaken: 
1) to reduce the dislocation when manipulative reduction was impossible; 2) to improve the 
acetabulum; 3) to correct anteversion; or 4) to improve the function of the hip in cases of 
persistent dislocation, usually by some form of osteotomy. Results of open reduction had been 
poor in sixteen out of twenty cases—probably because the operation was undertaken too late on 
rather poor material. Results of acetabuloplasty had been good in twenty-two out of thirty-six 
cases; rotation osteotomy had been satisfactory in only three out of nine cases, and the results 
of palliative osteotomy were disappointing. 

Mr Seddon thought that any improvement on these results must be along the following lines: 
1) earlier treatment and improved methods of closed reduction; 2) earlier operation in those cases 
in which conservative treatment was unsuccessful; and 3) improved methods of treatment for 
late or relapsed cases. Among the technical advances that might make for improved results were 
arthrography and the Colonna operation for hips that offered an otherwise insoluble problem in 
children too old for the standard procedures. 

The plan of treatment that had been adopted at the Royal National Orthopaedic Hospital 
was as follows. Closed reduction was attempted by traction on an abduction frame with cross- 
traction medially through a strap round the upper thigh. If reduction was not secured in four 


* The clinical review was undertaken by Mr G. M. Miiller during 1949 and 1950. 
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weeks open reduction was undertaken. Acetabuloplasty was undertaken if the acetabulum failed 
to develop after closed reduction and, if considered necessary, at the time of open reduction. 
Rotation osteotomy was advised if anteversion of the neck was deemed to impair stability. This 
plan of treatment was presented in the following scheme: 


Infant Arthrography: attempted closed reduction 


reduction unsuccessful 


reduction successful 


no furthur treatment persistent anatomical open reduction 
(about 50%) defect acetabuloplasty 


aplastic acetabulum 
open reduction 
impossible 


gradual luxation 


defective acetabulum: acetabuloplasty 
anteversion: rotatation osteotomy 
large femoral head: acetabuloplasty 


Late unreduced cases Colonna’s operation Colonna’s operation 


A method of reduction and retention—Mr Denis Browne (London) thought that there were 
two elements in the production of congenital dislocation of the hip, namely, failure of development 
of the hip joint and a mechanical thrust along the axis of the femur from intra-uterine pressure. 
This thrust, acting on the limb in the flexed intra-uterine position of the foetus, caused the hip to 
dislocate downwards and backwards; only after birth, when the hip was extended, did the femoral 
head become displaced upwards. If this view was correct it was logical to reduce the dislocation 
by reversing the mechanism of its production. His method was to place the limb in the 
“intra-uterine ’’ position with the child’s face downwards, then to push upon the upper end of the 
femur in the axis of the thigh. Successful reduction was claimed in 95 per cent of cases and the 
method had the advantage of avoiding the harmful leverage action that was entailed in the 
orthodox method of reduction. 

After the primary reduction the hip was immobilised in plaster in the position of reduction 

for four weeks. Subsequently the reduction was retained by means of the speaker’s well-known 
retention splint which consisted of a transverse bar attached to a body belt with, at each end, a 
leather cuff for each thigh. The splint allowed a wide range of abduction movement at the hip, 
but only in the coronal plane. Children were able to walk in the splint, and continued activity 
with movement encouraged deep engagement of the femoral head in its socket and favoured 
development of the acetabulum. The splint was worn for up to nine months and in about 100 
cases he had not observed any example of redislocation after it had been discarded. 
Modern trends in operative treatment, and early results—My David Trevor (London) 
described the present practice at the Royal National Orthopaedic Hospital with special reference 
to operative treatment, which was required in about two-fifths of all cases. Twenty-seven recent 
cases of open reduction had been reviewed. In fifteen, acetabuloplasty had been done at the 
same time, and seven had had a subsequent rotation osteotomy. The oldest patient was aged five 
years and ten months. 

The cases in which open reduction was necessary fell into two groups: 1) those in which the 
femoral head was high with contracture of the soft tissue causing a narrow isthmus; and 2) those 
in which reduction was prevented by soft parts in and around the acetabulum. The commonest 
obstruction was a high acetabular attachment of the inferior part of the capsule. Other causes 
were hour-glass contraction of the capsule, an infolded limbus, resistant fibrous tissue within the 
acetabulum, and gross enlargement of the ligamentum teres. In five cases redislocation had 
occurred after operative reduction. Twenty-three cases had been observed for more than a year: 
of these, nineteen were satisfactory so far. Full or nearly full movement was regained in most cases. 
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acetabular roof sloped steeply. An extracapsular technique, in which the acetabular roof 
was turned down and held by a wedge of iliac bone inserted into the site of osteotomy, was 
preferred. Results so far were satisfactory in fourteen cases observed for one year or more, and 
unsatisfactory in two. If the opportunity for acetabuloplasty was missed the femoral head might 
become displaced high on the ilium and acetabuloplasty by the ordinary “ shelf ’’ procedure 
became impracticable. This was the type of case in which the Colonna operation might be of value. 

Rotation osteotomy was necessary when anteversion was sufficient to impair stability. When 
it was found at the time of open reduction that anteversion was excessive, rotation osteotomy 
should be undertaken about six weeks later. 


Arthroplasty for persistent dislocation in adults—Prvofessor R. Merle D’Aubigné (Paris) 
described his experience of arthroplasty in the treatment of persistent dislocation of the hip in 
adults. Operation should be undertaken only if the functional disability was severe. Pre- 
operative traction did not serve any useful purpose. Twenty-two patients had been operated upon 
and, in eight, bilateral operations had been undertaken, making thirty hips in all. The exposure 
described by Gibson* gave better access to the acetabulum than the Smith-Petersen incision and 
facilitated downward shift of the greater trochanter. The interposed material had been a metal 
cup in sixteen cases; an acrylic head in thirteen; and capsule in one. To ensure stability it was 
necessary to bring the head well down, to deepen the acetabulum and enlarge its upper rim by 
means of a screwed-on graft, and to displace the trochanter downwards. After the operation the 
hip was immobilised in plaster in wide abduction for six weeks, after which active movements 
were encouraged; weight-bearing was allowed after four months. Results in the fourteen cases 
observed for one year or more were excellent in four, good in seven and poor in three; eleven of 
the fourteen were free from significant pain. 


Discussion—In the discussion that followed the symposium Sir Harry Platt (Manchester) said that 
he agreed with the plan of treatment adopted by the Royal National Orthopaedic Hospital team. 
His experience of 645 congenital dislocations showed that a good result could be achieved by 
closed reduction in about two-thirds of all cases. He preferred reduction in one stage (by gentle 
manipulation) rather than prolonged traction on a frame. In his own series he had undertaken 
open reduction more often in recent years than in the past. In eighty-eight open reductions the 
commonest obstacles to reduction had been abnormal attachment of the capsule, and broad 
ligamentum teres. He did not regard the capsular ‘‘ isthmus’ as very important—it might 
sometimes be only an apparent narrowing of the capsule due to incomplete filling of the joint 
cavity by opaque fluid. Professor ]. Delchef (Brussels) outlined the present trends of treatment 
of congenital dislocation of the hip in Belgium. Closed reduction was successful in about one-third 
of all cases; in the remainder open operation with formation of a shelf by an intra-articular technique 
was undertaken. In later cases the Colonna operation was used. Excessive anteversion of the 
neck should be corrected by rotation osteotomy. Professor J. Trueta (Oxford) had investigated 
the blood supply of the femoral head and had found that the incidence of osteochondritis was 
30 per cent after reduction by traction on a frame as compared with 45 per cent after manipulative 
reduction. Mr J.C. Scott (Oxford) emphasized that traction applied to the limb on the abduction 
frame should be slight (not more than two pounds in each line of pull). In his series of 116 cases 
reduction by traction failed in only 16 per cent. My H. A. Brittain (Norwich) preferred arthrodesis 
of the hip rather than arthroplasty in cases of persistent unilateral dislocation with arthritic 
symptoms in adults. Dr P. G. K. Bentzon (Denmark) warned against twisting the hip capsule 
during attempted reduction. If the capsule was twisted reduction was obstructed and the blood 
supply of the femoral head might be impaired. Myr W. A. Law (London) discussed arthroplasty 
of the hip for persistent dislocation with symptoms. He preferred the anterior incision of 
Smith-Petersen. In getting the femoral head down to the level of the acetabulum complete excision 
of the capsule was essential. If anteversion was severe, rotation osteotomy should precede 
arthroplasty. Mr G. C. Gordon (Sheffield) had studied the etiology of congenital dislocation of 
the hip. Intermittent rhythmic contractions of the uterus might be a factor but the pressure 
exerted on the foetus was not sufficient to cause dislocation of a normal joint. Sir Reginald 
Watson-Jones (London) felt that assessment of results so early as one year after treatment 
was unsound. Even intermediate results could not be assessed until the age of seventeen or 
eighteen years, when growth had ceased. Anteversion was a problem that demanded careful 
study at all stages of treatment. If allowed to persist, it led to faulty distribution of weight in 
the acetabulum and predisposed to gradual redislocation. 


* Gipson, A. (1950): Posterior Exposure of the Hip Joint. Journal of Bone and Joint Surgery, 32-B, 183. 
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Other Papers 


Fracture-separation of the upper humeral epiphysis Mr C. C. Jeffery (Birmingham) 
reported twenty-eight cases of separation of the upper humeral epiphysis. The injuries were of 
two types. In the first type there was epiphysial separation without fracture. This occurred in 
three cases. Reduction was stable because of the shape of the fragments. A good result was secured 
in each case, but premature epiphysial fusion was observed. In the second type the separated 
epiphysis carried with it a triangular fragment from the postero-medial aspect of the diaphysis. 
This occurred in twenty-five cases. The mechanism was probably a fall backwards on to the 
outstretched hand ; the soft tissues were torn antero-laterally but remained intact postero-medially. 
In the first twenty cases treatment had been by manipulative reduction and fixation of the limb 
by the side. Reduction was not always perfect and some fractures united with angulation; 
remodelling gradually corrected the deformity and full function was restored except in three cases. 
Five subsequent patients had been treated by traction in full abduction-elevation. This afforded 
more certain reduction, but it was wise to maintain the limb in the position of reduction by skin 
traction over a pulley at the head of the bed for about three weeks, otherwise redisplacement 
might occur. No complications referable to the brachial plexus had been observed. 


Results of reduction in fractures of the caleaneum—./r P. Essex-Lopresti (Birmingham) had 
assessed the results of thirty-one fractures of the calcaneum treated by accurate reduction and 
had made comparisons with the results of other methods in a series of 173 cases. Reduction 
had been secured either by manipulation through a sagittal spike in the posterior fragment or by 
open reduction and spike-fixation. Recently a plaster shoe had been used in preference to the 
more usual below-knee plaster after reduction and it had the advantage of permitting limited 
tarsal movement. His conclusions were: 1) that in patients under fifty years of age the results after 
accurate reduction were better than those obtained by immediate exercises without reduction; 
2) that in patients over fifty years of age the results after exercises without reduction were better 
than those from reduction and plaster. He suggested that the use of a plaster shoe instead of the 
more usual below-knee plaster after reduction, by permitting a wider range of movement, might 
improve the results of reduction in older patients. Mr K. H. Pridie (Bristol) said that the method 
described was inapplicable to cases in which there was very gross comminution and shattering of 
the bone. In such cases he favgured excision of the calcaneum. He emphasized, however, that 
he did not advocate excision in the treatment of the ordinary type of calcaneal fracture. 


Pes cavus—My D. ]. Martin (Bury St Edmunds) discussed the etiology and treatment of pes 
cavus. He believed that the essential defect was a lack of balance between the flexors and extensors 
of the foot, with relative weakness of the extensors leading to depression of the forefoot. The 
intrinsic muscles were not at fault and shortening of the tendo achillis was not a responsible factor. 
Clawing of the toes was secondary to the cavus deformity. Of the many operations that had been 
advocated for the treatment of disabling pes cavus he preferred a combination of Steindler’s 
soft-tissue stripping in the sole with transplantation of all the long toe extensors into the metatarsal 
necks. This combined operation had been described by Todd* and in the speaker’s experience it 
had given very satisfactory results. Dry P. G. K. Bentzon (Denmark) recommended division of the 
tendon of peroneus longus near its insertion and suture of the proximal stump to the peroneus 
brevis. Miss M. Forrester-Brown (Bath) considered that in attaching transplanted extensor tendons 
to the metatarsal necks it was sufficient to pass them through the periosteum rather than through 
drill-holes in the bones. Myr A. Rocyn Jones (London) thought that Mr Martin’s assessment of 
the etiology was correct and he agreed that the operation described combined the virtues of the 
Steindler operation with those of transplantation of the extensor tendons. Myr A. Todd (London) 
was convinced that relative weakening of the extensors was in fact the primary factor in pes cavus, 
and that clawing of the toes was a secondary phenomenon; the Lambrinudi operation of multiple 
digital arthrodeses was accordingly unsound. Myr Martin (closing) could not agree with Miss 
Forrester-Brown that it was sufficient to attach the transplanted tendons to the periosteum. 
It was very desirable that a really firm fixation be made by passing the tendons through drill-holes 
in the bones. The transplanted tendons had to bear considerable strain and simple attachment 
to the periosteum was unreliable. 

Fractures of the fingers—Myr S. A. Jenkins (London) described a method of treating stable 
fractures of the fingers in which the injured digit was fixed by elastic strapping to the adjacent 
normal digit. Immediate movements were encouraged. Results showed quicker recovery of 
movement and shortening of the period of incapacity as compared with methods of rigid fixation. 
When the fracture did not involve a joint surface the final result was similar after each method; 


* Topp, A. H. (1934): Treatment of pes cavus. Proceedings of the Royal Society of Medicine, 28, 117. 
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rigid splintage. The method was not suitable for unstable fractures. 
Rotation fractures of the forearm— Myr Ross Bloom (Southampton) discussed rotation fractures 
of the forearm, with special reference to the Colles’s fracture and greenstick fractures. His 
investigations suggested that falls onto the hand outstretched from the body imparted a supination 
twist to the radius, whereas falls onto the hand in front of the body imparted a pronation force. 
The former was the usual mechanism in the Colles’s fracture which was usually a supination injury 
and could be reduced readily by traction and forced pronation of the lower end of the radius. 
The “ reversed Colles’s ’’ (Smith’s) fracture, on the other hand, was usually a pronation injury 
and he had reduced it successfully by supination. He believed that, in general, backward angulation 
of a forearm fracture could be ascribed to a pronation force and was correctable by supination and 
forward angulation to a supination force and was correctable by pronation. Applying this concept 
to the treatment of greenstick fractures (most of which were of the supination type) he had secured 
anatomical reduction very easily in each of twenty-eight cases. Mr H. Osmond-Clarke (London) 
recalled that Abraham Colles himself had recommended forced pronation in reducing fractures of 
the lower end of the radius. 

Traumatic aneurysm complicating lateral meniscectomy—./r 7. ]. Fairbank (Cambridge) 
and Mr E. S. Jamieson (Newmarket) described two cases of false aneurysm of the inferior lateral 
geniculate artery after lateral meniscectomy. The clinical features in the two cases were very 
similar. In each, a discoid cartilage had been removed. Tense haemarthrosis developed eleven to 
twelve days after operation and recurred after repeated aspiration. Six weeks after operation a 
puslating swelling appeared over the lateral joint line in front of the lateral ligament, and a bruit 
was audible on auscultation. An arteriogram showed abrupt termination of the inferior lateral 
geniculate artery. In each patient the joint was explored and an aneurysm was found between the 
capsular and synovial layers. The damaged vessel was ligated and ultimately good function had 
been regained though convalescence was slow. Anatomical studies had shown that the inferior 
lateral geniculate artery was liable to injury during lateral meniscectomy, especially if the plane 
of dissection wandered away from the synovium-cartilage junction. Injury seemed especially 
likely to occur during removal of a cystic or discoid cartilage. The vessel was probably injured 
more often than was realised, but if it was divided completely healing occurred through the usual 
process of retraction and coagulation. It was a wound of the wall of the artery without complete 
division that might lead to the formation of an aneurysm. It was suggested that if recurrent 
haemarthrosis arose after lateral meniscectomy it was advisable to explore the inferior lateral 
geniculate artery without delay. Mr O. Vaughan-jJackson (London) mentioned a similar experience 
after medial meniscectomy in which the inferior medial geniculate artery was damaged. Discussing 
the technique of meniscectomy he said that he personally found the Smillie knives very useful, 
but he felt that if they were mishandled damage might easily be caused to vessels adjacent to 
the synovium. Mr I. S. Smillie (Dundee) said that all surgical instruments could be dangerous if 
used improperly. He had not himself seen the complication described by Mr Fairbank. Mr H. 
Osmond-Clarke (London) had knowledge of a case in which a popliteal aneurysm arose after medial 
meniscectomy during which the surgeon had lacerated the capsule posteriorly and damaged the 
popliteal artery. The leg had had to be amputated. The case illustrated the necessity for great 
care in dissecting out the posterior part of a meniscus. 

Late results from disc operations—Myr A. L. Evre-Brook (Bristol) reported the results in 117 
patients observed for one to six years after operation for sciatica diagnosed as being due to a disc 
lesion. He had studied in particular the future progress of patients in whom no causative pathology 
had been found at operation. His indications for operation were: for very severe cases—failure 
to respond to three weeks rest in bed; for moderately severe cases—failure to respond to about 
six weeks in a plaster corset; in relatively slight cases conservative treatment was pursued for a 
considerably longer time. Unless he found a definite protrusion or indisputable adhesions he regarded 
the exploration as ‘‘ negative ’’; he did not believe in ‘‘ hidden "’ discs or disc scars. In 117 operations 
the findings were negative in eleven; adhesions had been observed in six; and in the remainder a 
definite protrusion was present. Most of the negative explorations were in patients between 
twenty and thirty years of age. The incidence of neurological signs was similar in patients in whom 
a lesion was found and in those in whom nothing abnormal was found. Radiographs were mainly 
of value in excluding other conditions; little reliance could be placed upon them for localisation, 
for even if a narrowed disc space was shown an existing prolapse was not necessarily at that level. 
Results showed that 86 per cent of patients in whom a definite lesion was found had no more than 
very minor residual complaints; and of the twenty-one men with disc lesions who were engaged 
in heavy work before operation eighteen were able to return to normal work. On the other hand 
all except one of the patients in whom no lesion was found had significant residual disability at 
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the time of examination; in the one exception there was complete freedom from symptoms. Of 
the six patients in whom nerve root adhesions were found, four had moderate relief and two had 


only slight relief. 
In the discussion that followed this paper Mr D. Trevor (London) said that lumbar puncture 


and. estimation of protein level in the cerebro-spinal fluid were advisable as a routine before 


exploration of a disc was undertaken, and myelography should be done if lumbar puncture showed 
any abnormality. If these precautions were neglected other lesions, such as tumour, might be 
missed. Professor Merle D’ Aubigné (Paris) asked whether spinal fusion had been undertaken in 
any of the cases of the series. My John Charnley (Manchester) felt that lesions of the intervertebral 
disc fell into the province of the orthopaedic surgeon rather than the neurosurgeon. Exploration 
had been negative in 16 per cent of his patients. In the earlier cases of his series he had sometimes 
failed to find lesions even when the straight leg raising test had been markedly positive; he considered 
that in such cases he had probably missed a disc protrusion at a different level. As his experience 
of the operation increased he found that negative explorations were less frequent and were usually 
in patients with only slight restriction of straight leg raising. He considered that the straight leg 
raising test was of the greatest value in diagnosis and assessment of the case for operation. 
Mr Eyre-Brook (replying) felt that whereas lumbar puncture and myelography should be undertaken 
in problem cases special investigations other than plain radiograph were unnecessary in the 
straightforward case. Exploration of a disc was almost devoid of risk and in the exceptional 
case in which the symptoms were found to be due to a tumour no great harm was done by the 
exploration. With regard to spinal fusion, he did not consider that fusion should be undertaken 
at the time of a disc exploration. If significant back pain arose afterwards it should be assessed as a 
separate problem in the same way as back pain from other causes. He agreed with Mr Charnley 
that the straight leg raising test was the most significant sign. 


Post-traumatic prepatellar neuralgia—My G. C. Gordon (Sheffield) had studied cases of 
post-traumatic prepatellar neuralgia, which he regarded as a well defined clinical entity having 
the following features: onset after direct injury to the front of the knee; aching pain in region of 
patella, worse after walking, climbing stairs, or full knee flexion; local tenderness at about the 
middle of the lateral border of the patella; and relief of symptoms after excision of the neurovascular 
bundle supplying the prepatellar bursa. He had investigated the nerve supply and blood supply 
of the bursa and found that the neurovascular bundle enters the bursa opposite the middle of the 
lateral border of the patella. In all of twenty-one patients operated upon the symptoms had been 
relieved completely by excision of the bundle, histological examination of which showed perineural 
thickening. Mr S. L. Higgs (London) said that he had observed a similar lesion in relation to the 
olecranon bursa. Mr W. D. Coltart (London) thought that many cases of retropatellar pain 
attributed to chondromalacia of the patella might in fact be examples of prepatellar neuralgia. 
Mr A. W. L. Kessel (London) asked whether the lesion described was related to glomus tumour. 
Mr Gordon (replying) thought that the lesion of the neurovascular bundle which he had described 
was distinct from glomus tumour, which arose strictly in the skin. 


Ambulatory treatment of Perthes disease—Mr F. C. Dwyer (Liverpool) reported the 
intermediate results in eighteen patients with Perthes disease treated by walking caliper during 
the past six years. The routine of treatment consisted in weight traction in recumbency while the 
caliper was being made, followed by wearing the caliper for two to three years according to 
progress. The caliper was designed to keep the foot well clear of the ground to ensure that no 
weight was transmitted through the hip; a patten was worn on the sound limb. Results were 
assessed on the basis of relationship of epiphysial depth to breadth as measured on the radiographs. 
Results were generally similar, and in some respects superior, to those of other reported series 
treated by prolonged traction in recumbency. Mr S. L. Higgs (London) recalled that Elmslie 
had used a similar method of treatment; many cases of coxa plana resulted. Patients could not 
be relied upon to avoid all weight-bearing at all times. Myr V. H. Ellis (London) pointed out that 
assessment of the shape of the femoral head from plain radiographs might be misleading because 
the head was largely composed of cartilage. Arthrography was valuable in determining the shape 
of the cartilaginous head. If this became flattened the prognosis was poor. Mr A. L. Eyre-Brook 
(Bristol) agreed. He thought there was something to be said for trying to mould the soft head 
against the round surface of the acetabulum. A plaster of the Batchelor type was being used with 
this idea in mind. Mr G. Rigby-Jones (London) recalled recent Norwegian work which suggested 
that the best results followed unrestricted weight-bearing after preliminary traction for about 
six months. Mr R. W. Butler (Cambridge) felt that although traction was theoretically desirable 
it slowed the evolution of the pathological process, and this in itself might lead to impairment of 
the final result. 
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ANNUAL MEETING, 1951 
The Annual Meeting of the Association will be held in Edinburgh on Thursday, Friday and 
Saturday, October 25, 26 and 27. 


THE ROBERT JONES GOLD MEDAL AND PRIZE 
The award for 1950 has been made to Mr W. A. Law for his essay, ‘‘ Osteoarthritis of the 
Hip Joint.” 


ROYAL SOCIETY OF MEDICINE 
SECTION OF ORTHOPAEDICS 


Presidential Address—Mr A. T. Fripp delivered his presidential address on ‘“‘ Relapsed Club 
Foot ’’ on March 6, 1951. He said that three factors might be responsible for this condition: the 
patient living in a remote area where skilled treatment was not available; illness of the infant and 
mass evacuation (such as occurred at the beginning of the last war) preventing regular attendance 
at hospital for early treatment; and severe and difficult cases which defied early correction. He 
remarked that he had no new treatment and no complete solution to offer, but wished to reconsider 
the possibilities. That it was a complex problem was evident from a study of the literature and 
observation of clinical cases. There had been a tendency to over-simplify the problem by advocating 
one particular line of treatment such as powerful manipulations or early arthrodesis. Little had 
really started the modern treatment of club foot, with his technique of correction after subcutaneous 
tenotomy, as described in his treatise of 1839. He was able to produce a plantigrade foot ; recurrences 
were rare, and many modern surgeons would envy his results. Two points stood out in his book— 
his gentleness combined with lack of haste in his post-operative manipulations, and his careful 
fitting of splints and subsequent daily attention to them. Nevertheless tenotomy fell into disrepute— 
probably because of the failures of surgeons less skilled and less careful than Little—until the advent 
of anaesthesia and asepsis revived interest in operative treatment. 

The basic problem facing the surgeon was the correction, and maintenance of correction, of 
the constituent deformities, each of which may have its own particular difficulties: the equinus 
might be complicated not only by the short tendo achillis but by disproportion between the talus 
and the tibio-fibular mortice; persistent inversion of the heel might recur even after triple 
arthrodesis; forefoot adduction might be present not only at the mid-tarsal or naviculo-cuneiform 
level but at the cuneiform-metatarsal joints; and it might be aggravated by varus angulation of 
the metatarsals themselves, so causing persistent in-toeing and a foot that would not fit ordinary 
shoes. There could be almost limitless permutations of components in the total deformity, so that 
no single method of treatment could be applicable to all cases. One should have a method adaptable 
to the various elements of the deformity. 

The prognosis was based on the degree of rigidity of the foot at the onset; stringiness of the 
calf muscles and difficulty in correcting heel inversion were unfavourable; muscle imbalance with 
weak peronei and an over-powerful tibialis anterior tended to persistent inversion ; rotation of the 
tibia was rare but would complicate treatment; associated congenital deformities below the knee, 
such as an absent tibia, arthrogryposis congenita or abnormalities 0: the toes, would modify 
prognosis and treatment in varying degree. 

Treatment lay along three possible courses: forcible manipulation under anaesthesia; operative 
correction; or non-operative correction. He believed the first to be unsound. The greater the force 
used in manipulation the worse the result. A spurious correction often occurred at the naviculo- 
cuneiform joints; each powerful manipulation was followed by fibrosis and more rigidity, so setting 
up a vicious circle; and epiphysial damage might ensue. He considered that several powerful 
manipulations by hand had the same bad result as one with the wrench, and that manipulation 
under anaesthesia should be abandoned. 

Of operations there had been a spate in the past fifty years: many were best forgotten. Tubby 
and Robert Jones had both advised against bone-removing operations as not giving good function. 
It was theoretically possible to correct deformity by tarsectomy, but the recurrence rate was high 
in children under eight years of age: the alternative was a later operation. Of the soft-tissue : 
operations, that described by Brockman enabled one to reduce the head of the talus and so to correct 
the mid-tarsal adduction, but it did not correct the inverted heel. Elongation of the tendo achillis 
did not automatically allow correction of the equinus, the real degree of which might be masked 
by the varus. Tibialis anterior transplant to the outer side of the foot was sound but could only 
maintain correction when it had already been obtained. 

Non-operative treatment as used by Kyte in America was suitable for children from one to 
eight years old with deformity and an ill-balanced foot. It involved no cutting and no manipulations. 
When operation obviously would be required, maximal correction should first be obtained by the 
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non-operative routine. It required weekly attendance at the clinic and the parents’ co-operation 
over several months. 

Describing the routine that he followed, which was a modification of the Kyte method, the 
president said it consisted of three stages: correction, first of the varus and then the equinus; 
retention in over-correction; and lastly follow-up. He used below-knee walking plasters with a 
rocker sole so that the child was active and could attend school. The technique was to apply a 
padded below-knee plaster with the foot in the maximal correction; one week later a wedge was 
cut from the plaster with its apex on the inner side and its base on the outer side of the foot, the 
wedge was closed as far as it would go and fixed there with more plaster. Three to four weeks 
later a new plaster was applied and the process repeated. When the varus was completely corrected 
the equinus was dealt with similarly using a wedge with its apex at the heel and its base in front 
of the ankle. The force used was limited throughout to that which caused no pain. At changes of 
plaster it was noticeable how the foot was softening as compared with the rigidity that developed 
after forcible manipulations. He emphasized that it was essential to correct fully the varus before 
starting on the equinus, otherwise spurious correction would result. If there was any tendency 
for the foot to be in varus when lying relaxed then correction was incomplete. Radiographs were 
helpful—in the antero-posterior view the navicular should lie in front of the talus and the head of 
the talus and the calcaneum should be two separate shadows, not superimposed. 

When full correction had been secured a tibialis anterior transplant was useful in maintaining 
it; irons and splints were ineffective for this purpose. 

In assessing results the patient was the best judge. Freedom from pain and ability to wear 
ordinary shoes and to play games were the criteria. For these, equal distribution of weight, 
suppleness and proper muscle balance were required, but a rigid plantigrade foot was better 
than a supple ill-balanced one. 

Symposium on congenital dislocation of the hip—At a meeting on April 3, 1951, three papers 
were read on congenital dislocation of the hip. 

Mr J. S. Batchelor reported a series of forty patients (fifty-five dislocated hips). He divided 
the treatment into three stages: 1) Correction of the soft-tissue contraction and reduction of the 
dislocation. 2) Functional activity. 3) Muscular re-education. He advocated correction of adductor 
contracture by immobilisation on a frame for four to six weeks with the hip in 90 degrees of 
abduction. Cross-traction was not used and it was not his aim to reduce the dislocation on the frame. 
Radiographically the head of the femur should be seen to swing down opposite the acetabulum 
after abduction—if it did not do so closed reduction was unlikely to be successful. After the period 
on the frame reduction was attempted under anaesthesia by internal rotation of the femur through 
90 degrees. If reduction was confirmed radiographically knee plasters were applied with the 
femora in internal rotation. There should be only one well-conducted attempt at closed reduction, 
and if this was unsuccessful open reduction should be undertaken. 

The possible complications of this method were: 1) failure to reduce the dislocation ; 2) avascular 
necrosis; 3) redislocation. He considered that avascular necrosis after closed reduction was due 
to trauma necessitated by inadequate stretching of the soft tissues before reduction. Redislocation 
had occurred in fourteen out of forty-eight cases treated by closed reduction. It might be due to 
imperfect reduction, to a defective acetabular roof or to anteversion. Rotation osteotomy would 
correct the anteversion and the coxa valga; and his results of rotation osteotomy were good. 
Nevertheless he doubted whether it was the correct method to overcome the difficulty of anteversion. 
He believed that the head would stay in the acetabulum despite the anteversion if it was securely 
fixed there. Capsulorrhaphy might be indicated. 

Mr H. J. Seddon said that in experienced hands good results from treatment of congenital 
dislocation of the hip might be expected in 50 per cent of cases. There were cases which defied 
closed reduction—usually because a soft-tissue obstruction such as an infolding capsule. 
Redisplacement after reduction might be due to anteversion, failure of development of the 
acetabular roof, or imperfect reduction. Development of operative technique had taken place 
because of dissatisfaction with a minority of results. Better approaches to the hip and improved 
anaesthesia had made operation easier. Arthrography had helped to illustrate soft-tissue pathology. 
It could demonstrate hour-glass constriction of the capsule, an infolded limbus, high attachment 
of the inferior capsule, and a resistant acetabulum due to soft tissue in its floor. Any of these 
factors might prevent closed reduction. 

Mr David Trevor discussed the indications for operation and operative technique. Of 154 cases 
treated at the Royal National Orthopaedic Hospital, sixty-one required operative treatment of 
some kind. Those that required open reduction were either the cases with a high head which 
would not come down or those in which the head would come down but would not go in. .At 
operation he made use of blood transfusion and preliminary infiltration of adrenalin in normal 
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saline. He advocated the Smith-Petersen approach. Obstacles to reduction were found to be: 
high attachment of the inferior capsule, ten cases; hour-glass constriction, eight cases; infolded 
limbus, five cases; resistant soft tissue in the acetabular floor, three cases; and wide ligamentum 
teres, one case. Acetabuloplasty was often advisable at the same time as open reduction especially 
when there was a false acetabulum or a very sloping roof to the true acetabulum. If anteversion 
was excessive it should be corrected by rotation osteotomy six weeks after open reduction. Of 
twenty-four patients submitted to acetabuloplasty, twenty-one were over four years of age. 
If a femoral head became eccentric or the Trendelenberg test became positive acetabuloplasty 
was necessary to prevent further subluxation. A late shelf operation was not advised for posterior 
dislocation when the femoral head was high; for these cases a Hey Groves—Colonna operation 
was the procedure of choice. In adults with persistent dislocation and disabling symptoms 
osteotomy of the Lorenz type was not favoured. Some kind of arthroplasty was advisable if the 
condition was bilateral, but for unilateral dislocation arthrodesis was probably best. 

In the discussion that followed these papers Mr H. H. Langston quoted Sir Thomas Fairbank 
as advising against open reduction in a case of bilateral dislocation after the age of five years or 
in a unilateral disease after seven years. At Lord Mayor Treloar’s Hospital at Alton “ frog ”’ 
plasters had been used for many years, then Batchelor knee plasters, but they had now returned 
to the “‘ frog ’’ plasters because of redislocations after the use of knee plasters. 

Mr Denis Browne thought that orthopaedic surgeons had got the pathology wrong and that 
congenital dislocation of the hip was due to a weak acetabulum from which the head was thrust 
out in the foetal position. Talipes and hips were best treated by active movement—real muscular 
movement under control. He claimed successful results in 95 per cent of cases by his method of 
closed reduction followed by one month in plaster and then nine months of controlled active 
movement. He had not observed redislocation. Myr Seddon (replying) said that his policy of 
treatment was different but that he was prepared to believe in Denis Browne's splints if the results 
were such as had been stated. 


Summer meeting—The summer meeting of the Section of Orthopaedics, to be held on Saturday, 
June 9, 1951, will be an all-day meeting at the Country Section of the Royal National Orthopaedic 
Hospital at Stanmore, Middlesex. 


THE BONE AND TOOTH SOCIETY 


A meeting of the Bone and Tooth Society was held on April 5, 1951, at the Institute of 
Orthopaedics, London, with Mr H. J. Burrows in the chair. The subject was a symposium on 
Parathyroid and Bone.”’ 


Clinical physiology of the parathyroid gland—Dr C. EF. Dent spoke on the clinical physiology 

of the parathyroid. He said that one would expect the parathyroid to be influenced by the pituitary 

or other endocrine glands but there was no definite evidence for that; it appeared to work on its 

own but was influenced by the plasma ionic calcium concentration, being stimulated by a low and 

depressed by a high ionic calcium; whether the ionic phosphate level influenced it was difficult to 

tell. Clinical evidence had been of great value in determining how the parathyroid worked. 

Hypoparathyroidism caused a low blood calcium and a high calcium in the tissues with increased 

muscle irritability. Hyperparathyroidism caused a high blood calcium and under-calcification in ) 

the bones, to which the clinical effects were directly related. Of Albright’s series of fifty cases 

of hyperparathyroidism, forty-one were due to a single adenoma, three to a double adenoma 

and six to hypertrophy of the parathyroids. Carcinoma of the parathyroid was very rare. All 


parathyroid tumours appeared to produce parathormone. Surgically the tumours were even more 
prone to be in abnormal places than were the normal glands—they might be anywhere up to six 
inches below the upper end of the sternum. Parathormone was an acid extract of the gland 
many times precipitated and was not pure; the hormone itself was thought to be a protein. 
Resistance to parathormone developed after repeated injection, probably from formation of a 
species-resistant antibody. i 

Two theories of the action of the parathyroid were: 1) Collip’s theory that the parathyroids : 
acted directly on the bones, the blood-electrolyte changes being secondary. 2) Albright’s theory that 
the parathyroids acted indirectly on the bones through the influence of blood-electrolyte changes 
brought about by its direct action on the kidney. Injection of parathormone caused phosphaturia 
and a lowered blood phosphate ion concentration, so lowering the calcium—phosphate ion product 
which caused calcium to be withdrawn from the bones, thus raising the blood calcium to above 
normal and partly restoring the blood phosphate; so then the urinary calcium was increased and 
the urinary phosphate partly increased. Dr Dent believed that the primary action of the 
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parathyroid was on bone, but that it did also produce phosphaturia by lowering the kidney 
threshold, in which case the phosphate ion was obtained from hydrolysed phosphate esters in the 


tissues and not from bone. 


Effect of parathormone on bone structure—Professor S. L. Baker discussed the histopathology 
of the effect of parathormone on the skeleton. It stimulated the growth of the connective (or 
reticular) tissue of bone—that tissue which produced osteoblasts and _ osteoclasts. In 
hyperparathyroidism there was increased activity of both of these cells with the osteoclasis 
predominating. Osteoblasts might be seen laying down osteoid on one side of a bone trabecula 
and osteoclasts removing bone from the other, both processes being abnormally active. The 
osteoclasis of hyperparathyroidism was both mobile and focal. The cortical bone became reduced 
to a close spongiosa like cancellous bone due to enlargement of the Haversian canals, and the 
canals were filled with connective tissue. The trabeculae of the cancellous bone became hollowed 
out and filled with this fine connective tissue. This fibrosis only later affected the marrow spaces. 
Later, collections of osteoclasts formed and resembled scattered osteoclastomata, but they 
disappeared when the hyperparathyroidism ceased. Ultimately the bone consisted of cysts, 
multiple osteoclastomata and a thinned cortex with connective tissue infiltration. The severity 
of the condition bore no relation to size or number of the parathyroid tumours. Essentially the 
same changes occurred in the skeleton in secondary hyperparathyroidism. 


KENYA 
ORTHOPAEDIC CENTRE, NAIROBI 


Since the start of orthopaedic work in this Centre some eight years ago we have been fortunate 
in the visits of Mr H. J. Seddon during 1945 and of Mr H. Osmond-Clarke in 1948. In 1950 
we were doubly fortunate in that Mr Seddon paid us a second visit during September, and 
Sir Reginald Watson-Jones during November. By their courtesy and interest both of these eminent 
visitors have helped and stimulated our work here to an extent far greater than they can imagine. 
During their visits both Mr Seddon and Sir Reginald saw the work of all our departments, 
examined patients in the wards and out-patients, watched our surgeons operating and themselves 
did an operation assisted by the African theatre sta‘f. 


JAPAN 


RECENT DEVELOPMENTS IN 
ORTHOPAEDIC SURGERY 


The Japanese Orthopaedic Society has 
been active since the end of the war, and well 
attended meetings have been held once or twice 
each year in one of the larger cities (see map). 
Among the more important subjects that have 
been discussed are bone grafts (Dr M. Mituyasu), 
spinal irritability (Dr S. Mizumati), Duplay’s 
disease (Dr I. Miki), foot problems (Dr S. 
Mizuno), arthroplasty (Drs M. Juinaka and S. 
Kono); accidental disablement (Dr Mizumati), 
mixed infection of cold abscess (Dr Katayama), 
rheumatoid arthritis and the carotid body (Dr 
G. Simizu), spinal cord lesions (Dr T. Iwahara) 
and rickets (Dr T. Amako). 

Statistics of the incidence of orthopaedic 
disabilities show that tuberculous disease of 
bones and joints is prevalent. Congenital dis- 
location of the hip is also comtnon (47 per cent 
of all congenital orthopaedic disabilities) but 
the incidence of poliomyelitis is moderately low. 


Fic. 1 


Places at which recent meetings of the Japanese 
Orthopaedic Society have been held. 
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INTERNATIONAL SOCIETIES 


INTERNATIONAL SOCIETY FOR THE WELFARE OF CRIPPLES 
FIFTH WORLD CONGRESS 

The Fifth World Congress of the International Society for the Welfare of Cripples will be held 
in Stockholm, Sweden, from September 9 to 14, 1951. The Congress will consider various aspects of 
the prevention of crippling and the rehabilitation of physically disabled persons. 

The Society, which was formerly the Society for Crippled Children, has been engaged in work 
for the physically disabled for nearly thirty years. Previous meetings have been held in Ostend 
(1927), Geneva (1929), The Hague (1931), Budapest (1936) and London (1939). Those who are 
interested are invited to communicate with the Secretary of the Central Council for the Care of 
Cripples at 34 Eccleston Square, London, S.W. 1. 


INTERNATIONAL CONGRESS OF PHYSICAL MEDICINE, 1952 
PRELIMINARY NOTICE 


The Congress will be held in London from July 14 to 19, 1952, under the presidency of the 
Right Hon. Lord Horder, G.C.V.O. 

The meetings of the Congress will be reserved for matters dealing with the clinical, remedial, 
prophylactic and educational aspects of physical medicine and with the diagnostic and therapeutic 
methods employed in physical medicine and rehabilitation. Exhibitions of interest will also be 
arranged. In addition to the scientific programme, to which medical auxiliaries will be admitted 
as ancillary associate members, a full programme of social events and entertainment is being 
planned for members and associate members. Arrangements for London and provincial visits of 
scientific and historical interest are also being made for the Congress week and the following week. 

This is a preliminary notice and full details will be published later. Applications for the 
preliminary programme should be addressed to the Honorary Secretary, International Congress 
of Physical Medicine (1952), 45 Lincoln’s Inn Fields, London, W.C. 2. 


CORRESPONDENCE 


MEDULLARY NAILING OF FRACTURES AFTER FIFTY YEARS 


From Mr JOHN CHARNLEY, MANCHESTER, ENGLAND 


To the Editor, 
Journal of Bone and Joint Surgery. 


Dear Sir, 

The recent article entitled ‘‘ Medullary Nailing of Fractures after Fifty Years,’’ though 
containing many interesting and important practical matters deserving high praise, is, I believe, 
spoiled by an element of propaganda which is unworthy of a scientific journal. The general spirit 
of the introductory and historical pages leaves the reader with the impression that the writer is 
attempting to prove that this method of fracture treatment owes a very great deal to Britain and 
that its development has been taking place progressively in this country over a period of fifty 
years. The statement is made that ‘‘ Kiintscher whose name is often coupled with the technique 
is no more than one of several surgeons who applied it recently to the circumstances of war.”’ 


nail would unquestionably have been a British invention. May I therefore, in the interests of 
fair play, be permitted to bring forward another point of view which I consider nearer to the truth ? 

In England the discovery towards the latter part of the war that the Germans had been 
using a large intramedullary nail very extensively in the treatment of fractures of the femur came 
to most orthopaedic surgeons as a very great surprise. The general reaction of the senior orthopaedic 
surgeons in this country was distinctly unfavourable; the method was regarded as dangerous and 
unphysiological in that it destroyed the nutrient blood supply. To these senior men the dangers 
of the method seemed to outweigh the possible advantages. In May 1948 I was one of thirteen 
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British orthopaedic surgeons who were selected to visit orthopaedic centres in the United States; 
only one of us at that time (and we were considered to represent orthopaedic practice throughout 
Great Britain) had any experience of intramedullary nailing and he had acquired this in Germany; 
two or three others had merely a nodding acquaintance with this method. Thus, far from being 
a continuous evolution over fifty years, the experience of this method in England is no more than 
five and, as far as any considerable practice is concerned, probably not more than three years. 

At the end of the war Burns was making experiments with a long triflanged nail which proved 
unsuccessful because such a cross-section is only suitable for cancellous bone and is devoid of the 
slight ‘‘ give ’’ necessary to adapt to the lumen of a tubular bone. A little later Messrs Down Bros., 
in consultation with Mr Burns, produced an intramedullary nail having a circular cross-section 
with a longitudinal slot and provided with a detachable steel point. This nail was also unsuccessful 
in that it was insufficiently rigid and frequently allowed the fracture to angulate. Consistent 
success with intramedullary nailing has only been achieved during the last three years since the 
exact design evolved by Kiintscher (7.e., the trefoil section) had been copied to the minutest degree. 
This is the design evolved by Kiintscher in the early days of the war. 

To imply that Hey Groves failed to popularise the intramedullary nail only because stainless 
steel was not available at that time is not a valid argument. Lane established the plating of 
fractures even though he used ordinary stee] plates and brass-coated screws. Even if made of 
corrodable metal an intramedullary nail, if removed after four or six months, is less likely to give 
trouble than the combination of different metals which was successfully used by Lane in his original 
experiments. The early Smith-Petersen nails used in the treatment of fracture of the femur 
frequently showed extensive corrosion of the metal but even so the union of these fractures took 
place often enough to establish the sound principle of the mechanical method. 

The fact that Hey Groves on several occasions used a wide bore intramedullary nail in 1918 
can in no way deprive Kiintscher of the credit for having established this form of treatment as 
the method of choice in many fractures of the femoral shaft. It is no disparagement of Hey Groves 
to point out that, universally loved and esteemed, honest, conscientious and astonishingly 
industrious though he was, he failed to pursue his researches with any real distinction and diffused 
his talents in a multiplicity of interests without taking any to their logical conclusion. In his 
book on the operative treatment of fractures published in 1921 (which should be read by all 
orthopaedic surgeons even if only for one of the best reviews of the early history of bone union 
ever to be published in the English language) he decided as the result of animal experiments that 
the best form of union took place when external skeletal splintage was used. In 1921 there is no 
emphasis on the superiority of intramedullary nailing, and there is indeed more evidence to suggest 
that he was the originator of the Stader splint than of the Kiintscher nail. It is quite likely that 
Hey Groves himself would have been one of the first persons to acknowledge the work of Kiintscher ; 
we must not forget his very considerable knowledge of the German language and the fact that he 
introduced the teachings of Béhler to the English-speaking world by his own translation of that 
Viennese surgeon's text-book of fractures in 1935. 

In attributing credit for technological advances the conception of the idea is frequently the 
least inspired part of the research. The idea itself is often well known and the essential problem 
is that all previous attempts to put it into practice have failed. The credit for evolving a successful 
technique should go to the worker who has had the vision to see the solution of a modern problem 
in an old and discredited method; whose imagination and intuition is of such an order that he can 
retain, undimmed, his faith in the value of the idea through the long months of technical 
disappointment and until success is finally achieved. 

I cannot believe that Kiintscher arrived at his final steel, his final cross-section, and his final 
dimensions and thicknesses without many trials and tribulations over months or even years. 
Only recently has the importance of his cross-section been realised in that the multiple ribs give it 
stiffness while still leaving it capable of springing, even a minute amount, to the lumen of the bone; 
a feature which has not been appreciated by the less subtle minds who have attempted to use a 


solid nail. 
Yours truly, 


March 14, 1951. JOHN CHARNLEY. 


[The important contribution made by Kiintscher in reviving the technique first described by 
Hey Groves was acknowledged in several pages of appreciation. To have failed to record 
that Hey Groves was the pioneer would have been historically inaccurate.—EpI1TOoR. } 
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CORRESPONDENCE 
THE ETIOLOGY OF MORTON’S METATARSALGIA 
From Mr K. I. Nissen, Lonpon, ENGLAND 


To the Editor, 
Journal of Bone and Joint Surgery. 


DEAR Sir, 

One of the several virtues of Betts’s longitudinal plantar incision for resection of a digital 
nerve is that it permits a splendid view of the related structures, from well above the transverse 
metatarsal ligament right down to the entry of each branch of the nerve into adjacent toes. The 
plantar digital vessels and the foramen through which they appear in the sole, the transverse 
ligament, the large inter-metatarso-phalangeal bursa, the lumbrical muscle and its thin tendon, 


Fic. 1 


Photograph taken at operation for Morton’s metatarsalgia. The patient was a woman aged forty years 
with symptoms for two years. The foot was normal in form, with no evidence of weak transverse arches. 
For the purposes of demonstration the incision has been extended half an inch proximally and retraction 
of the skin is more vigorous than usual. The plantar digital nerve (A) and vessels (B) have been resected 
to just beyond the inter-metatarso-phalangeal bursa (C), the adherent distal wall of which has been removed 
with the specimen. The “‘ neuroma "’ can be clearly seen (A‘). The specimen has rotated 180 degrees during 
its reflection downwards, so that the vessels appear to reach the nerve from the lateral aspect, whereas 
in fact they reached the nerve obliquely through the foramen (D). In the key diagram the dotted lines 
indicate the margins of the flexor tendon sheaths to the third and fourth toes. The transverse lines indicate 
the transverse metatarsal ligament (E). It will be seen that the foramen through which the plantar digital 
vessels appear has three borders—the proximal margin of the transverse ligament, the lateral margin of 
the flexor sheath to the third toe and an oblique band of fascia (F) running from the sheath to the ligament. 
If this oblique slip be divided, the distal margin of adductor transversus hallucis muscle is seen. The outline 
of the lumbrical tendon (G) can just be discerned ; the musculo-tendinous junction is covered by the end of 
the dissector. When the specimen was removed and mounted, the distal end had a three-prong appearance 
caused by the anterior communicating vessels in the mid-line with a branch of the nerve on either side. 
(Photograph by Mr R. J. Whitley, of the Institute of Orthopaedics.) 
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the distal margin of the adductor transversus hallucis muscle, and the anterior communicating 
vessels—all these can be examined by careful dissection in the trough between the flexor tendon 
sheaths (Fig. 1). The surgeon who contents himself with hasty resection of a segment of 
pathological nerve, but fails to examine the related structures, is not qualified either to advance 
a new theory or to refute all others. 

In the February number of the Journal, Mulder of Amsterdam has advanced another 
mechanical theory for the causation of Morton's metatarsalgia, namely that the plantar digital 
nerve, having prolapsed into the inter-metatarso-phalangeal bursa in feet with weak transverse 
arches, is pinched repeatedly between the metatarsal heads. As he points out, this theory is 
reminiscent of Morton's original supposition (1876) that the symptoms arise from compression of 
branches of the external plantar nerve to the fourth toe, between the head of the fifth and the 
neck of the longer fourth metatarsal bone. There is nothing to sustain Morton’s theory, but Dr 
Mulder inspected twelve characteristic lesions exposed through the incision of Betts, and his 
theory therefore merits careful consideration. 

There is no doubt that nearly every patient who has had Morton’s metatarsalgia for more 
than six months will be found to have a “ neuroma ”’ adherent not only to the transverse ligament 
but also to the thin distal wall of the inter-metatarso-phalangeal bursa, which the neuroma tends 
to invaginate. Betts thought that the adherence to the ligament indicated an etiology akin to 
that of tardy ulnar paralysis caused by failure of the nerve to run freely in the olecranon groove; 
Mulder, on the other hand, is impressed by the adherence of the neuroma to the wall of the bursa 
and by its tendency to invaginate the bursa. But in those early acute cases which sometimes 
come to operation only one or two months from the onset of pain, the nerve is not visibly thickened 
and is not adherent either to the ligament or the bursa; indeed the surgeon may think he has 
drawn a blank unless he can recognise early changes in the digital vessels and perivascular tissues. 
In a personal series of well over a hundred proved cases, only three came to operation within two 
months from the first symptom. When a series of “‘ young " specimens, consisting of digital nerve 
, and vessels resected together, is arranged in the order of duration of symptoms up to twelve months, 
7’ the progression of naked-eye changes from vascular and perivascular to néural and perineural is 
' so continuous that the development of a “‘ neuroma ”’ and its tendency to bulge into the bursa 

appear to be a secondary phenomenon of no primary etiological importance. 

The pain in the common case, coming on after perhaps half a mile of walking and persisting 
as a severe ache for a number of minutes after rest, bears the stamp of ischaemia, and we have 
obtained much evidence to support and none to throw doubt on the conviction of William Holmes 
(1948) that histologically the nerve lesion is ischaemic. On the other hand, this prolapse of the 
neuroma and its intermittent reduction as observed by Mulder, may be the mechanism of certain 
types of pain, or of relief from pain, in cases with a fully developed lesion. It is a rational 
explanation for the common desire to remove the shoe, and for the temporary relief which some 
patients obtain by manipulating their toes or metatarsals. There is no better explanation for the 
unusual case in which stabbing pain is felt at the moment of forward thrust in walking, even on 
rising in the morning—a time when nearly every other patient with Morton’s metatarsalgia enjoys 
a period of comfort. Finally, it may provide the reason why an occasional patient is free from 
pain when wearing loose sandals or going barefoot, but is crippled after walking a few hundred 
yards in a lace-up shoe or an army boot. 

Mulder’s article should stimulate surgeons to pay more attention to the inter-metatarso- 
phalangeal bursae, which despite their size and their importance in ‘‘ independent springing "’ of 
the metatarsal] heads, are quite inadequately described in most anatomical works. Perhaps it is 
not too much to hope that whenever a digital nerve is exposed from the plantar aspect the plantar 
digital vessels might also be inspected as a matter of routine. 


Yours truly, 


March 21, 1951 K. I. NISSEN. 
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Book Reviews 


BONE AND JOINT DISEASES. By J. Vernon Luck, M.D., M.S. (Ortho.), F.A.C.S., F.1.C.S., 
Assistant Clinical Professor of Orthopaedic Surgery, University of Southern California. 10 x 6} in. 
Pp. xiv+614, with 454 figures, some coloured. Index. 1950. Oxford: Blackwell Scientific 
Publications Ltd. Price £6. 


The aim of the present volume has been to explain the clinical and radiological aspects of 
diseases of bones and joints in terms of their underlying pathological anatomy, and its author is 
to be congratulated on a noteworthy achievement in this field. To-day, the combined presentation 
of clinical and pathological data, commonly in the form of a joint discussion, has such an accepted 
place in most fields of medical teaching that it is a surprise to realise that the present volume is 
the first published work to emphasize this aspect of orthopaedics. The book had its origin in 
seminars given in Dr Arthur Steindler’s department at the State University of lowa, and ten years 
were spent in preparing the manuscript from a large collection of clinical and pathological data 
gathered from a number of sources. The author is primarily a clinician, but this book shows that 
he must also be regarded as a pathologist of some distinction. 

The book begins with an account of normal bone structure. Chapters follow on most bone 
and joint diseases of orthopaedic interest, including infective conditions, fractures, metabolic and 
endocrine disorders, chronic arthritis, neoplasms, and also some of the more important bone 
“ dystrophies.’’ It is only to be expected that at its first appearance a book of this sort will show 
great variation in the standard of its different sections, and that in some of them evidence of 
haphazard selection of material will be seen. It is hoped that this, together with spelling errors 
and misprints, will be corrected in later editions. The chapters on rickets, hyperparathyroidism, 
tuberculosis and bone tumours are particularly good; those dealing with osteomyelitis, syphilis 
and the normal structure of the skeletal system are not up to the same high standard. The present 
reviewer's only serious criticism is, however, that, although the general emphasis of a book of this 
type must necessarily be morphological, insufficient attention has been given to disturbed chemistry 
as a subject for clinico-pathological correlation. But the book is, on the whole, soundly written. 
In particular, the standard of illustration is high. Radiographs predominate, but sufficient 
histological illustrations are present to give the general reader familiarity with the tissue pathology 
of most of the conditions discussed. 

It is to be hoped that the pretentious “‘ sales talk ’’ of the publisher’s jacket will not deflect 
prospective readers from opening this very useful volume.—H. A. Sissons. 


j 


INJURIES TO THE ANKLE. By J. Grant Bonnin, M.B., B.S. (Melbourne), F.R.C.S. (Eng.), 
Orthopaedic Surgeon, Central Middlesex Hospital. 9x 6in. Pp. xvi+412, with 399 figures. Index 
1950. London: William Heinemann Medical Books Ltd. Price 63s. 


Bonnin “ hopes to give a mechanico-pathological picture of trauma to the ankle: an object 
which has been the goal of observers since Pott set pen to paper.’’ The book is evidence of his 
great interest in this joint and of a tremendous amount of painstaking work. To achieve his object 
Bonnin has subjected the mechanism of injuries of the ankle, and particularly fractures and 
dislocations, to a critical analysis of the most detailed kind. It is soon obvious that classification a i 
is a major concern. Indeed, apart from other injuries he divides and sub-divides fractures and 
dislocations of the ankle into no fewer than twenty-three different types and degrees—almost 
double the number achieved by Ashurst or Watson-Jones—but does not claim that this extended 
classification is of great practical significance in the treatment of the injuries described. He does 
point out that diastasis of the inferior tibio-fibula joint is a much more frequent complication of 
fracture-dislocation than has been thought, and Chapter 8, dealing with this subject, is original 
and of considerable interest. 

On the whole, this is an “ advanced ’’ book and will be of interest mainly to experienced 
surgeons so that the chapters on the anatomy and surgical approaches to the ankle might be regarded 
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as redundant. On the other hand, those sections dealing with radiography and with anatomical 
experiments in the mechanism of the various injuries are most instructive to all comers, and the 
historical survey and extensive bibliography are valuable sources of information and reference. 
The volume is neatly produced. The text is profusely illustrated with line drawings, photographs 
and radiographs, which show none of the defects of some recent publications.—W. D. CoLtart. 


DEGENERAZIONE E RIGENERAZIONE DEL TRONCHI NERVOSI NELL’UOMO. By 
Professor Silvano LeGuissa. Aiuto dell’Istituto di Anatomia Comparata dell’ Universita di Bologna. 
107 in. Pp. viii+282, with 145 figures, some in colour. Index. 1950. Bologna: Edizioni 


Scientifiche Istituto Rizzoli. Price L. 4,500. 


Professor Leghissa has written an imposing account of the sequence of events following 
interruption of a peripheral nerve in man. This is illustrated by numerous excellent photographs 
of well-stained preparations, showing stages of the process that are usually seen only after 
experiments on animals. It is of great value to have evidence about the conditions actually occurring 
in man, but by limiting himself in this way, Professor Leghissa has also to accept the implications 
of the fact that he cannot control his method adequately. He is unable to support his conclusions 
with sufficient evidence to warrant their acceptance, especially where many of them do not agree 
with current doctrine. For example, he criticises the view of Nageotte, now widely accepted, that 
the central neuroma and especially the peripheral glioma are largely composed of Schwann cells. 
Leghissa believes, on the contrary, that they are mainly composed of collagen. This is a very 
interesting view and it would be very profitable to have estimates of the relative numbers of 
Schwann cells and fibroblasts and the amounts of collagen and axoplasm in the stumps at different 
ages. Professor Leghissa, being restricted to human material, cannot provide these figures, and 
tends to the extreme view that the Schwann cells play little or no part, a view he would probably 
qualify with wider and quantitative study. Again he rightly emphasizes the progressive increase 
of connective tissue in a peripheral stump that is deprived of axons, but proceeds from this to 
state that the chains of Schwann cells become converted into connective tissue cells. Everyone 
agrees that to demonstrate such conversions is one of the histologist’s hardest tasks, and Professor 
Leghissa’s human material is simply not adequate to prove his case. In general, his treatment of 
the Schwann cell problem is not satisfactory; when in doubt about the nature of a tissue, for 
instance an early glioma, he evades the problem by calling the cells ‘‘ undifferentiated mesenchymal 
elements.’’ His treatment of the problem of the rate of regeneration is most unsatisfactory. He 
lays down a maximum rate of advance of 2-4 millimetres per day, but without giving any clear 
indication of the type of evidence on which this figure is based. No attention is given to recent 
studies of rates of outgrowth and maturation of nerve fibres. 

The chief value of the book is its emphasis on the importance of the connective tissue in the 
process of regeneration of nerve. The author devises several useful indices to show the proportion 
of a nerve occupied by connective tissue after various periods of atrophy. An interesting analysis 
is given of the histological findings in three homografts removed from men, presumably after 
clinical failure. There is also a discusssion of the problems of regeneration presented by the chief 
human nerves, especially in so far as the connective tissue is concerned. The views of the author 
on the indications for early and late surgical intervention are especially valuable because of his 
emphasis on the effect of progressive fibrosis in obstructing regeneration.—J. Z. YOUNG. 


SOME PROBLEMS OF ACUTE ANTERIOR POLIOMYELITIS AND iTS SEQUELAE. By 
Erik SKINHOJ. 9x6 in. Pp. 183, with 20 figures. Bibliography. 1949. Copenhagen: Ejnar 
Munksgaard. Price Dan. Crs. 12. 


This book is a most valuable addition to the already enormous literature of poliomyelitis, 
because it represents a very careful and unbiased analysis of all that is known about the 14,186 
cases of this disease that were notified in Denmark between 1910 and 1944. 

The author, who is a physician and therefore refers only briefly to the operative side of 
treatment, has, whenever possible, followed up at regular intervals for three years from the date 
of acute onset, all the 251 cases which came under his care in 1944. He has used the usual muscle 
charts for recording degrees of muscle power, and finds that, in spite of modern advances in 
electrical testing, the careful estimate of voluntary power is the most reliable and valuable. He 
gives the warning, which is amply borne out by the reviewer's experience, that three years does 
not represent the final limit of possible recovery, but considers that the main benefits obtained by 
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re-education after this period come from improving the co-ordination of such muscle-groups as 
remain active. He is more optimistic about recovery than many practitioners who follow cases 
for shorter periods, and he estimates that, of muscles so weak as to be classed 1 or 2 on the chart, 
some 50 per cent will recover useful function and 20 per cent will recover completely. He reckons ‘ 
that the outlook for muscles marked 0 at the end of the third week from onset is very poor, but 
werns that absolutely accurate grading at this stage is very difficult. He also warns that the 
favourable results depend greatly on the care with which affected muscles are protected from 
excessive strain for long periods, indeed for years, and points out that this is particularly important 5 
for even minor degrees of imbalance of the trunk muscles, especially in growing children, who 
should be inspected regularly. He emphasizes the insidious onset of scoliosis, and remarks that 
the plaster bed is as important a splint as the drop-foot shoe and needs to be used as continuously. 
In rate of improvement the author finds great variation between cases. If there is little improvement 
during the first three months the outlook is poor; but on the other hand, improvement may lag 
after the first few months and take on a later spurt. He finds no good explanation for the poor 
outlook in certain muscles compared with others, for instance the opponens pollicis, the abdominal 
muscles, the gluteus medius, the tibialis anterior [anticus] and the intrinsic muscles of the foot. 
He points out that, though gravity may be an unfavourable factor for some of these muscles, 
this is not so for the hand and foot intrinsic muscles, nor for bulbar pareses—which persisted 
more than three years in eighteen out of thirty-seven patients who survived. Death occurred in 
nearly 50 per cent of the bulbar cases. 
An interesting section deals with bladder complications, which occurred in 20 per cent of a 
patients; these had usually retention in the early days of the disease, but sometimes incontinence 
persisting for weeks or months. In thirteen cases this was the only form of paresis. Constipation 
was often severe, and two patients had paralytic ileus which proved fatal in one. Tremor, common 
in the early stages, rarely persists after six months, but it seemed permanent in two of the author's 
adult patients, being of the intention tremor type and probably representing a striate lesion. 
The author recalls that imbalance of any of the trunk and hip musculature may start a 
scoliosis and that it is not usually a short leg alone that produces a fixed lateral curvature. Like 4 3 
other observers he has found no clear association between the amount of paralysis and the lag in me 


growth of the limb, which he attributes to loss of the normal venous pumping of muscle action, ta 
so that severe calf paralysis is most apt to lead to defective growth. y : | 

There is an interesting chapter on the psychic aberrations associated with poliomyelitis. # | 
Most observers have noted them in the early stages of the disease, but many have overlooked the § | ‘ 


fact that long-standing changes in personality may develop, especially a tendency to easy fatigue 
and to emotional instability, although none to intellectual deterioration. These changes are 
independent of the general frustration and sense of inferiority which widespread paralysis may 
cause and which should be prevented by efficient after-care and retraining for a remunerative 


3 


occupation. 
In after-care the author strongly advises team-work between the orthopaedic surgeon and 
the physiotherapist. For muscle exercises a warm pool has proved invaluable. Very gentle electrical . 
stimulation also is favoured during the first year. ; @ 
The book provides many interesting statistical tables and is written in a clear and pleasant Be 
style. The author must be congratulated on his mastery of a foreign tongue, for it is only an : _ 
occasional phrase or word which betrays that such it is to him. There is at the end a useful summary : ; 
of the contents of each chapter, which is repeated in Danish.—M. ForrestTER-Brown. 
PATHOLOGIE DES VEINES. By J.-D. Martinet and R. Tusiana. 9x6 in. Pp. xii+449, 
with 71 figures. 1950. Paris: G. Doin et Cie. Price 2,000 francs. : , 
This is an interesting account of disorders of the veins. Much of the book is of no direct : 


importance to the orthopaedic surgeon, but the sections on varices, phlebothrombosis and 
inflammations of veins certainly are. The authors cite a good deal of interesting experimental 
work in support of their views, and they are to be congratulated on an excellent and very full 4 
bibliography at the end of each section. Venous thromboses are far coramoner in orthopaedic 

patients than many of us will admit, and it is regrettable that this very adequate monograph has 

no counterpart written in English. It illustrates once more our debt to the French school of surgery 

for its persisting interest in the morbid physiology of the circulation. It can be strongly recommended 

to any surgeon.—D. LI. GriFFITHs. 
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OS ET TUBERCULOSE. By Robert KaurMANN. 9X7 in. Pp. 152, with 74 figures. 1950. Paris: 
L’Expansion Scientifique Frangaise Editeur. Price not quoted. 


It is generally accepted that skeletal tuberculosis is caused by a blood-borne infection, though 
doubts have been expressed whether this explains the site incidence of the disease in tuberculosis 
of the spine. John Fraser in 1929 made the suggestion that there might be a direct infection of 
the vertebrae from the overlying lymph duct and its related lymph spaces. It is Dr Kaufmann’s 
thesis that bone and joint tuberculosis is secondary to and caused by infected lymph glands and 
spread direct from them to the adjacent bone. He considers that if the soft parts are excised 
treatment of the bone is unnecessary. The cases which he reports do not seem to prove his theory— 
in some the radiographs taken over a period of years show deformities which are worse than would 
be expected from successful open-air and recumbency treatment. Even if his theory were correct, 
to decide at an early age what parts should be excised to ensure a cure would be extremely difficult 
and might well lead to much unnecessary surgery. On the other hand surgery might be of much 
greater value and be much more used in the treatment of cold abscesses than it is at present. 
Certainly Dr Kaufmann’s theory should be subjected to a critical examination and tested. If 
substantiated it would mean a complete revolution in the treatment of tuberculosis, but it is likely 
that for many years open-air orthopaedic treatment will be needed. The real hope of finally 
conquering tuberculosis is in prevention and not in drastic surgery with all its risks.—S. Alan 


S. MALKIN. 


INJURIES OF THE KNEE JOINT. By I. S. Smite, O.B.E., Ch.M., F.R.C.S.E., F.R.F.P.S., 
Lecturer in Orthopaedics in the University of St Andrews; Surgeon in charge Eastern Region 
(Scotland) Orthopaedic Service. Second edition. 107 in. Pp. x+332, with 451 figures, 
1951. Edinburgh: E. & S. Livingstone Ltd. Price 50s. 


some in colour. Index. 


There is no doubt that this book will make an impression on the reader. Similarly there is no 
mistake about the force with which the author puts his views, and it is perhaps a little unfortunate 
that the same cannot be said of the clarity. On the other hand his publisher and his artist have 
certainly ‘“‘done him proud.’’ In consequence the book is a pleasure to look through—except 
possibly for the radiographs and pictures of operations. As the author points out in his preface a 
large store of personal experience had been drawn on for the book. Nine thousand patients are 
behind the statements and one rather regrets therefore that in the excellent section on meniscal 
lesions more space is not allotted to differential diagnosis. One might also have expected in a book 
which goes into such detail that injuries ‘‘ of the knee’’ peculiar to children might have been 
included. It is, however, in description of technique that enjoyment and instruction—for the 
well informed reader-—will be found, and though the author claims as his own one or two procedures 
which I remember being taught by Sir Robert Jones, they have not suffered in the process. The 
price is high but reasonable for this book, which in any case is not intended for the undergraduate. 
In fact the book is priceless.—Bryan McFaRLANpb. 


A SYNOPSIS OF SURGICAL ANATOMY. By A. Lee McGRreGor, M.Ch., F.R.C.S., Senior Surgeon, 
Johannesburg General Hospital; Lecturer in Surgery, University of the Witwatersrand. Foreword 
by Sir Harold J. Stites, K.B.E., F.R.C.S. (Ed.). Seventh edition. 75 in. Pp. xii+778, with 
746 diagrams. Index. 1950. Bristol: John Wright & Sons Ltd. Price 25s. 


The first edition of this well known book appeared nearly twenty years ago. Its long life 


proclaims its usefulness. It contains the thousand and one facts of anatomy that a surgeon needs 
to know. I recommend it as a delightful bedside book; for the chapters are short, the book can 
be opened anywhere and the reader glows with self-satisfaction at discovering that most of the 
facts he already knows. Suddenly he comes across something that is new to him and he is still 
more satisfied. The diagrams which give this book its distinction are uneven: some are good, and 
some are so poor that only the knowledgeable reader can understand them, and of course he does 
not need them. The paragraphs on treatment would not, I think, find favour with most orthopaedic 
surgeons. In the past, few successful candidates at the final fellowship examination could afford 
not to read Lee McGregor’s book. This state of affairs is likely to continue-—George PERKINS. 
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Camp Surgical 
Supports 
and Belts 


(Equipped with Precision- 
Fitting Adjustments) 


mill 


Camp Supports are supplied 
and fitted by Authorized Agents 
throughout the country and Camp 


trained surgical fitters are always 
available for attendance at hospitals, 


nursing homes or at the patient's 


home. 


Camp Supports are designed for 
use in the treatment of physical 


disability, deformity or disease. 


The Camp Unique (vi 
PRECISION-FITTING 


Adjustments regulate | Angtomical Supports ? 


| 


the prescribed degree f 
of support required. 
S.H.CAMP & COMPANY LTD. 


Reference Book fcr Physicians and Surgeons 
available free on request. 19 Hanover Square, London, W. 1 
Telephone: MAYfair 8575 (4 lines) 


| 

= f 

= 

a 

| ——— a= ; 
| = => — = 

| 

vii 

b 


6 Gypsona bandages: 
are needed for < 
this LEG 


GYPSONA IS RECOGNISED as the most economical plaster of 
Paris bandage on account of its exceptionally high plaster content. 
Moreover, every bandage is uniform and it is possible to determine 
beforehand how many are required for a particular cast. 

This leg cast was constructed with three 6” x 3 yds. and three 4” x 3 yds. 
Gypsona bandages. Two 6” bandages were made into a slab and laid 
down the back of the leg and 

under the sole. The cast was 

completed with the third 6” Gypsona 
bandage encircling the top of the 

cast and the three 4” bandages PLASTER OF PARIS 
around the calf, ankle and foot. BANDAGES 


Made in Engiand by T. J. SMITH & NEPHEW, LIMITED, HULL 
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usually indicated.* 


* Ruptured Intervertebral Disc and 
Sciatic Pain. “* Journal of Bone 
and Joint Surgery,” 29, 429-437 
(April 1947). 


For further information write to: 


SPENCER (BANBURY) 


Telephone 2265 


Medical Profession as a symbol of effective control for abdomen, back or breasts. 


a genuine Spencer Support and not a so-called copy. 


A SPENCER SUPPORT 
for Intervertebral Dise 


In both conservative and surgical treatment of 
intervertebral disc, application of a back support is 


Spencer copyright designs are original and distinctive and for more than 20 years have been recognised by the 


Appliances supplied under the National Health Service 
Trained fitters available throughout the Kingdom 


Copyright: Reproduction in whole or in part is prohibited except with the written permission of S(B) Ltd. 


We invite the surgeons’ investigation of Spencer as 


an adjunct to treat- 
ment. Each Spencer 
is individually de- 
signed, cut and made 
for each patient — 
after a description 
of the patient's body 
and posture has 
been recorded and 
detailed measure- 
ments taken. Thus, 
individual support 
requirements are 
accurately met. 
The Spencer Spinal 
Supports shown 
incorporating rigid 
spinal brace were in- 
dividually designed 
for both man and 
woman patients. 
Note exterior pelvic 
binder for added 
pelvic stability. 


LTD. 


Consultant Manufacturers of Surgical and Orthopaedic Supports 
SPENCER HOUSE BANBURY OXFORDSHIRE 


BEWARE OF IMITATIONS, Spencer (Banbury) Ltd. regret the necessity of issuing warning to beware of 
copies and imitations. Look for the SPENCER LABEL stitched in the Spencer Support and ensure that it is 
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Kuntscher 


INTRAMEDULLARY 


NAILS and INSTRUMENTS 


Clover-leaf 
Intramedullary 
Nails for femur. Impactor with 


V-shaped Nails Extractor with 3 mm. four inserts to 
for humerus, hook. Spare 2 mm. fit each nail 
radius and tibia. hook for smaller nails. diameter. 


A descriptive leaflet is available on application 


THE LONDON SPLINT COMPANY LIMITED 
69 WEYMOUTH STREET 
LONDON, W.1 
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SEATTLE, WASHINGTON 
BOX 3181 


No. 800 Series—True and 
reverse Trendelenberg — 
standard operating height— 
provides for spine and hip 
work — lower extremity facil- 
ities for abduction, extension, 
rotation and screw - traction 
about anatomical centers — 
accessibility for cast, x-ray 
and operative procedures. 


No. 1300 Series — Full 
range hydraulic lift, foot oper- 
ated—true and reverse Tren- 
delenberg—designed for hip 
surgery — manipulations of 
both upper and lower extrem- 
ities, spine and neck, all about 
anatomical centers—all x-ray, 
cast and operative procedures. 


No. 1700 Series — For 
years the established leader— 
provides best and most com- 
plete facilities for any part of 
the body, including prone, 
lateral and perineal position- 
ing—designed by Dr. Roger 
Anderson to incorporate all the 
sound basic principles of 
modern orthopedic surgery. 


Write for informative brochure 
“Tables by Tower” 


New descriptive literature available on each of these tables 


the TOWER COMPANY, Inc. 


GENEVA, ILLINOIS 


TABLES TOWER 

x valid ROGER ANDERSON MODELS 
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Improved Instruments 
for Hip Arthroplasty 


As made for The General Infirmary at Leeds 
and The Royal Bath Hospital, Harrogate 


Broomhead’s Improved 
Smith-Petersen’s Reamers 


Male Concentric Reamer 
for Acetabulum 


The most advanced instruments available 
for cutting and shaping the Femoral Head 
and Acetabulum. Precision-made from 
rust-proof stainless steel, self-clearing and 
immune to clogging. Bone fragments are 
automatically ejected by the left-hand spiral 
cutting teeth. In three sizes accurately 
related to standard Vitallium Hip Cups. 


Female Concentric Roughing 
Reamer for Femoral Head 


Left-hand 
Spiral 
Cutting Teeth 


Female Concentric Finishing 
Reamer for Femoral Head 


Female Eccentric Reamer for Femoral Head 


Ancillary Instruments 
for Hip Arthroplasty 


PSOAS Retractor with 
special hand grip and 
wrist support, two sizes 


OD. ag HeoJ Office: THE OLD MEDICAL SCHOOL PARK ST. LEEDS | 
LEEDS & 38 WELBECK STREET LONDON Wi 
Also ot: CAPE TOWN. and JOHANNESBURG 


Manufacturers of Surgical Instruments, Hospital Furniture and Sterilizing Equipment 
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Set of nine Chisels and Gouges, made in two sizes 
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SCALPEL / 

BLADES 

JBTAINABLE FROM ALL THE LEADING SURGICAL SUPPLY HOUSE 5. 
Made in SHEFFIELD ENGLAND by the PARAGON RAZOR CO. 


¥ 
: 
3 Xili 
: 


All Zimmer internal fixation 
items are made of the same 
exact analysis SMO stainless 
steel, specially rolled for 
proper hardness. Dimensions 
accurate. Electrolytically 
passivated to remove all 
foreign matter. 


for lengthening 
Smith-Petersen Nails 


Lloyd Adapters are for the purpose of 
extending the effective length of Smith- 
; Petersen Nails. 


When X-Ray shows the Nail to be too 
short, the proper length Adapter is 
screwed into the Nail and the entire unit 
driven to the desired depth. This elimi- 
nates removing the Nail and replacing it 
with a longer one. 


Multiple holes are drilled proximally and 
distally to the site of insertion of the 
Smith-Petersen Nail in the shaft of the 
bone to prevent splitting of the cortex as 
the Adapter is inserted. The Adapter is 
slightly tapered to make insertion easier. 


* Pat. appl. for 


Lloyd Adapters are made in three left hand internal threads to re- 


sizes, 14” (415C), 34” (415B) ceive the left hand screw No. 
and 1” (415A). 458-2 (see opposite page) when 
All Lloyd Adapters also have a Trochanteric Plate is used. 


EXPORT DEPARTMENT 
312 Utility Building, Fort Wayne, Indiana 


MANUFACTURING CO., WARSAW, IND. 


\ 
LLOYD ADAPTERS 
> 

| No. 415C 
AA 
A No. 415B 
AAA No. 415A 
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All No. 96 Zimmer cannulated Smith- 
Petersen Nails are now being made to 
accommodate the locking screw with left 
hand thread. 


No. 458-1 No. 158-2A 


No. 458-2 


Improved Accessories for 
attachment of Trochanteric 
Plates to Smith-Petersen 


In cases of comminuted fractures of the trochanteric region, it 
is necessary to anchor the Smith-Petersen Nail to a lateral bone 
plate. The three types of attachments are illustrated above. 
No. 458-1 and 458-2 consist of a cannulated hex-head bolt 
and a left hand threaded locking screw which engages left 
hand threads in the cannula of the Smith-Petersen Nail. (See 
illustration at left above). 

No. 158-2A consists of a cannulated hex-head bolt and lock 
washer (illustration center). 

No. 158-3 consists of non-cannulated, or solid, hex-head bolt 
and lock washer (illustration right). All three types have 
screw driver slots in case socket wrench is not used. 

Catalog No. 158 includes the Trochanteric Plate with attach- 
ing bolt and lock washer (illustrated extreme right). If solid 
type bolt, (No. 158-3) is desired, it must be specified on order. 
Catalog No. 458 includes the Trochanteric Plate and the 
attaching bolt with left hand locking screw (illustrated left). 


The Zimmer Intertro- 
chanteric Plate is made 
regularly in lengths of 
3” to 7” by 14” intervals. 
Other length plates made 
to order. 


MANUFACTURING CO., WARSAW, IND. 


EXPORT DEPARTMENT 


312 Utility Building, Fort Wayne, Indiana 
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RAPID AND PROLONGED 
| LOCAL ANAESTHESTA 
IN’ FRACTURE REDUCTION 


Local infiltration anaesthesia, the most convenient 


method for use in the reduction of various fractures, has I 


| 

I 

not hitherto been universally adopted owing to the I 
| 


delay which occurs before adequate analgesia is obtained. 


Recent investigations’ have shown that the simultancous 


administration of local anaesthetics and “ HYALASE ’ 


(the diffusing factor) enable manipulation to be com- fr 


menced immediately the injection has been made, whilst fr 


effective anaesthesia persists for periods of at least 


one hour. 


"Tancet, 1051, 1, £10 


Detailed information is obtainable from 


Bencer Lasoratorirs LiMIvED 


HOLMES CHAPEL + CHESHIRE + ENGLAND : 


*HYALASE’ is the registered trade mark of the manufacturers, BENGER’S LIMITED. 
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There can be no certainty of action without 
complete confidence in the materials used. Maximum 
tensile strength of the suture is an essential rightly demanded by the 


surgeon. All the benefits of the latest methods of production and research 


ensure that this vitally important factor is well taken care of in the manufacture of a}good 


suture. The full skill of the surgeon is impeded unless he can rely on the 


quality and strength of his suture material. 


TENSILE STRENGTH—VITAL AID TO SURGICAL SKILL 


ETHICON SUTURE LABORATORIES LTD. 
BANKHEAD AVENUE, EDINBURGH 


ASSOCIATE COMPANIES : 
New Brunswick, New Jersey : Sao Paulo, Brazil: Sydney, Australia 
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They always make 


would like to know more about the personal quality of Westminster Bank 
service, the Manager of your local branch will be glad to tell you. 


WESTMINSTER BANK LIMITED 


me welcome 


And why not? We do not 
regard an account as being of 
small consequence simply be- 
cause it is small. On the 
contrary, we believe that the 
importance of any banking 
transaction lies in its impor- 
tance to the customer. We try 
to meet our customers’ re- 
quirements in that spirit and 
to give the same welcome and 
the same friendly attention 
to all of them, whatever the 
size of their accounts. If you 
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Brooks Femoral Appliance 


te Patented in England 
and thirteen foreign 
countries. Sold 


the world over. 


BROOKS RUPTURE APPLIANCES* 


For of HERNIA 


BROOKS App 


LONDON: 80 Chancery Lane, W.C.2. Telephone: Holborn 4813. 


MANCHESTER: Hilton Chambers, Hilton Street, Stevenson Square. 
Telephone: Central 5031. 


Every Brooks appliance is carefully 
made to individual measurements, and 
is guaranteed to fit perfectly and to 
hold securely. In addition to the usual 
types (inguinal, scrotal, umbilical, 
femoral, etc) we also make Tropical 
Rupture Appliances, Bathing and 
Swim Trusses, Children’s and Babies’ 
Appliances and Belts of all kinds. 
Our range includes everything for 


_ the ruptured, and we are privileged 


to co-operate with an increasing 
number of medical men and hospitals. 


Let us send you full particulars. 


liance Co., Ltd. 


LIVERPOOL: 66 Rodney Street. Telephone: Royal 6548. 
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Also at Buenos Aires, Johannesburg, Sydney, Melbourne, Calcutta, Durban, etc. 
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it won’t cut shin 


This new Desoutter electric power Tool was developed specially to make the removal of 


surgical plastersa fast and safe operation—safe for both patient and operator. Thecircular saw 
does not rotate, it oscillates through an arc only a few degrees wide at about 18,000 strokes 
per minute. This ultra rapid short stroke movement will not cut when it is in contact with 
mobile skin or soft material. But when up against hard materials like plaster it is an 


extremely efficient cutter. Please write for the leaflet which explains the method of use. 


DESOUTTER BROS LTD THE HYDE HENDON LONDON NWS 
Tel: Colindale 6346 * ‘Grams: Despnuco* Hyde* London 
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A booklet to read 
before you appoint 


your Executor 


The Manager of any branch of Lloyds 
Bank will be pleased to let you have 
a copy of this booklet, which provides 
useful information about the Bank’s 
executor and trustee services. 


LLOYDS 


LIMITED 


BANK 


Vokes Ernst limb for above 
knee amputation. One of 
the comprehensive range 
manufactured in light 
metal designed to meet 
every requirement. 


The double swivel pelvic 
band is the finest system 
of suspension for the 
majority of above-knee 
amputations, permitting 
com plete freedom of action 
with firm support and 
perfectcontrol. The central 
mounting of the socket 
swivel ensures that the 
limb does not fall away 
from the stump when the 
full range of movement is 
used—a very valuable 
featurewhen playing such 
games as tennis or golf. 


The construction of the 
Wheel Control Knee 
mechanism is simple and 
robust and will give many 
years of hard service. 
Note the high-duty com- 
pound ball-bearing knee- 
joint and the rubber return 
spring which is out of 
action when sitting. 


The unique mechanism of the Vokes 
Ernst cushion joint movable ankle 
combines both the joint and the s pring 
action of the foot in one single unit. It 
ts the lightest yet produced and the whole 
movement takes place in the rubber 
torsion-joint itself, no adjustments or 
lubrication are necessary, and noise is 
impossible. 


Frictionless bearing ankle mechanism 
of the rubber buffer ty pe with self-oiling 
bearings, also available. 


ARTIFICIAL LEGS 


Artificial legs, manufactured and supplied by Vokes Ernst Scientific 
Surgical Appliances Ltd., are widely prescribed in private practice 
and are also approved by the Ministry of Pensions for supply under 
the National Health Scheme. Centres which have been, or are in 
course of being opened in strategic points throughout Britain for 
fitting and servicing under qualified supervision include: 


FITTING CENTRES: 


LONDON 


BIRMINGHAM 
MANCHESTER 
GLASGOW 


LEEDS 
SWANSEA 
BRISTOL 


Queen Mary's Hospital, Roehampton 
Lane, S.W.15 

73 Baker St., London, W. 1. Welbeck 3924 
73 Stafford St., Birmingham, 4. Central1940 
39 Byrom Street, Manchester, 2 

Ministry of Pensions, War Pensions Welfare 
Service, 134 Sauchiehall St., Glasgow, C. 2 
Chapel Allerton Hospital, Leeds 

27 Cradock St., Swansea 

Vassal!l Road, Fishponds, Bristol 


VOKES ERNST SCIENTIFIC 
SURGICAL APPLIANCES LTD. 
(A subsidiary Company of Vokes Ltd.) 

Head Office: Henley Park, Guildford, Surrey 


Factory: Alton, Hants. Telephone Alton 2294 


Telephone Guildford 62861 
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ORTHOPAEDIC 


“PLAISTOW” 
COMBINED 


GENERAL & ORTHOPADIC 


TABLE gives a full range of 

movements both for 

General and Orthopedic 

Surgery, for the latter 

the table allows easy 

a We shall be pleased to send 
DESIGNED AND PRODUCED BY you details upon request. 


THE MEDICAL SUPPLY ASSOCIATION LTD. 


167-173 GRAY’S INN ROAD, W.C.1, and 95 WIMPOLE STREET, W. 1 
PHONES: TERminus 5432 (Six lines) LONDON 


EDINBURGH: 10-13 TEVIOT PLACE SHEFFIELD: 6-12 HOLLY STREET 


a 

| 

fd 

j 

— 
| 

XXi 


A perfect Appliance for its purpose: 


SALTS’ SACRO-ILIAC BELT 


Designed by an eminent orthopaedic specialist, this 
Belt is available in styles for ladies and gentlemen. 
Its perfect efficiency is accompanied with complete 
comfort. Rapidly restoring the normal relationship 
of the sacral and iliac bones, it also exerts a beneficial 
effect on the tone of the abdominal viscera. Not the 
least commendable thing about this Belt is the fact 
that it enables the patient to make early resumption 
of normal activities. Further details and Measure/ 


Order forms available to medical people on request. 
Appomtments in London — 


| STANLEY HOUSE 


SALT s SON itp, 


3-6-7 CHERRY STREET, BIRMINGHAM, 2 


HANGER & CO. LTD. 
the manufacture of 


Artificial Limbs 


Contractors to the Ministry of Pensions for 
artificial limbs for the War-disabled and 
also for civilian limbless under the National 
Health Service. 


These two children, aged 5 years and 15 months 
respectively, have each suffered the loss of one of 
their legs but are now able to run around happily. 
The little boy is the youngest child that has ever been 
fitted with an artificial leg, being under \ year old 
at the time. 


Branches at all Ministry of Pensions 
Limb Fitting Centres in Great Britain 


I E HANGER & COMPANY LIMITED 
Queen Mary’s (Roehampton) Hospital, Roehampton, London, S.W.15. Phone: PUTney 4422 (5 lines) 
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Vitallium Hip Caps have been an important 
aid in permitting innumerable invalids to 


resume a normal or near-normal place in 
society and in their occupations. 

The Vitallium Hip Cap has been success- 
fully used in sixteen different conditions 
involving the hip joint It is most frequently 
employed in 

e rheumatoid arthritis 
© aseptic necrosis of the femoral head 
© traumatic degenerative hip disease 
slipped femoral epiphysis 
© congenital malformations. 
References 
ARTHROPLASTY OF THE HIP—A NEW METHOD, Smith-Petersen, 


M. N. Jour. Bone & Joint Surg. XXI-2 Apr. 

COMPLICATIONS OF OLD FRACTURES OF THE NECK OF THE FEMUR 
— RESULTS OF TREATMENT BY VITALLIUM-MOLD ARTHROPLAS|IY, 
Smith-Petersen, M. N., Larson, Carroll B., Aufranc, Otto E., and Law, 
W. Alexander Jour. Bone & Joint Surg. 29-1 Jan. 1947. 
*ARTHROPLASTY OF THE HIP FOR DEGENERATIVE HIP DISEASE, 
Badgley, Carl E. instructional Courses, Amer. Acad. Ortho. Sgns. Jan. 1946. 


LABORATORIE S, 


PRE-OPERATIVE 
Bonyankylosisot both 
Sacroiliac joints and 
advanced involvement 
of both hips. 


POST-OPERATIVE 
Hips treated by Vital- 
lium hip caps. Evi- 
dence of new joint 
line formation. 


TROCHANTERIC ARTHROPLASTY IN THE TREAMENT OF UNUNITED 
FRACTURES OF THE NECK OF THE FEMUR, Wilson, Philip D. Jour. 
Bone & Joint Surg. 29-2 April 1947. 
CUP ARTHROPLASTY OF THE HIP, Bickel, Wm. H. and Babb, Frank 
S. Jour. Bone & Joint Surg. 30-3 July 1948. 

*REPRINTS AVAILABLE,UPON REQUEST 


ORDER THROUGH YOUR SURGICAL DEALERI 


Si 


for arthroplasty of the HIP....... 
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Manufacturers of Bone Surgery Instruments for over 70 years 


NON-PLASTICISED, BOILABLE, ACRYLIC FEMORAL HEADS, 
WITH X-RAY INDICATORS 


(Patent Pending) 


X-ray showing 
Nissen markers. 


X-ray showing Buxton’s ‘‘ umbrella frame ’’ model. 


Mr St John Dudley Buxton’s model with ‘‘ umbrella frame.” 
[Each £7 0 0 


Model with Mr K. |. Nissen’s X-ray markers. Each £5 10 0 


PLAIN, BOILABLE, non-plasticised Acrylic Femoral Heads without X-ray indicators. Each £3 150 
STOCK SIZES 
Head 41 mm. 43 mm. 


45 mm. 
Stem 6, 7 and 8 cm. 6, 7 and 8 cm. 


6, 7 and 8 cm. 
Other sizes made to order in a few days 


Checked at National Physical Laboratory for breaking stress (28 stones) 
Tested for internal stresses 


DOWN BROS. and MAYER & PHELPS LTD. 


Head Office: 92-94 BOROUGH HIGH STREET, LONDON, S.E.1 
Showrooms: 32-34 NEW CAVENDISH STREET, LONDON, W.1 


and at 
76 Grenville Street, TORONTO 
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for finest detail 


ILFORD Ilfex X-ray film is double-coated with an emulsion of extremely 
high resolving power. It is thus capable of revealing bone structure and reproducing 
fine detail, particularly in radiographs of the limbs and extremities. Previously 
such exceptional definition has been found only in very slow emulsions but 
Ilfex combines the two qualities so important in X-ray work—Speed and Definition. 
The Ilfex emulsion is highly sensitive to direct X-rays and is intended for use 
without intensifying screens. 


ILFORD Ilfex X-ray film 


The Department of Radiography and Medical Photography of Iford 
Limited at Tavistock House, Tavistock Square, London, W.C.1 (EUS 2251), 
will always welcome the opportunity of helping with information or advice. 


ILFORD LIMITED + tLFORDB + LONDON 
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no-one 


would 


notice 


Clarks Curator Heel 


—but the child with valgus feet would feel the difference 
atonce. If T-irons and surgical boots can possibly be 
avoided doctors will do so, recommending instead a light- 
weight corrective heel. In certain foot-ailments and leg 
weaknesses Clark’s “Curator” heel is 
of great benefit. The child won't feel 
“marked out” from others, since the 
heel is almost unnoticeable. 

Full details are available to the 
medical profession and to children’s 
clinics and hospitals, on applica- 

tion to Clarks. 


Can easily be fitted to certain Clarks 
shoes in sizes infants’ 7 to maids’ 54 (youths’ 14). 


c. @ cLaRK trp. (Shoemakers since 1825) street, somerser. 
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LONDON HOSPITAL 
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EXPERIENCED FITTERS ARE 
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